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Abstract 
In Australia, recycled water schemes have been implemented in residential developments 
to contribute to sustainable urban development, enhance water supply security and reduce 
pollutant discharges to the environment. However, a proportion of schemes have been 
delayed in commissioning, placed on stand-by or prematurely decommissioned well before 
the end of the scheme design life. Subsequently, the Australian Productivity Commission 
has questioned the robustness of the project assessment and decision-making practices 
adopted by the urban water sector.  
Despite considerable research on recycled water schemes, few attempts have been made 
to characterise the complex array of risks to the long-term viability of schemes or to define 
critical risk factors for which targeted management measures may be developed. To date, 
the risk assessment and management practices for recycled water schemes have 
pertained to environmental and public health risk only, with limited attention provided to the 
broader array of project risks. Consequently, the overarching aim of this thesis is to 
establish an integrated project assessment framework which incorporates critical risks to 
the long-term viability of residential recycled water schemes in an integrated manner.  
The study was based on a pragmatist philosophical foundation where practical outcomes 
and real effects were considered vital components of the research. A mixed method 
design was applied, where qualitative and quantitative methods were used to enable 
complementary and convergent research findings. The nature of the risk knowledge being 
sought was the construction of critical risk factors, with recognition that these constructions 
are subject to on-going revision as contextual conditions change.  
Through a case-study analysis of 21 residential recycled water schemes in Australia, 34 
risk factors arising from six sources - physical, social, political and regulatory, 
implementation and operation, financial and economic and legal and contractual – were 
identified and characterised. The critical risks to the long-term viability of residential 
recycled water schemes, based on historical occurrence, comprised: unanticipated 
operational costs, legal and contractual arrangements, regulatory requirements and 
approval process and customer complaints and customer expectations not met. Despite 
continued concern pertaining to the public health risk of recycled water, the research 
findings concluded that public health impacts have been low to date.  
A national survey, developed on the basis of the defined risk factors, enabled the 
collection of complementary data to refine and verify the critical risk factors. At present, the 
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inability to demonstrate an incontestable business case is posing a significant risk to the 
long-term viability of residential recycled water schemes. Political, regulatory, 
organisational and financial factors were also rated as critical risks, in addition to 
community risk perception and fall in demand. The survey results shed further light on the 
regulatory environment of residential recycled water schemes, with regulatory participants 
rating public health risk, assessment and design, environmental value and environmental 
health risk substantially higher than other participant groups.  
Through practice-oriented case studies, an integrated project assessment and risk 
management framework was developed for residential recycled water schemes. Three key 
areas of prioritisation for project risk management were identified as:  
• Organisational and stakeholder risk management: early engagement and 
collaboration; alignment of project objectives; allocation of benefit, cost and risk 
between stakeholders;  
• Robust data collection, management and dissemination practices: improved 
processes for capturing benefit, cost and risk; performing uncertainty analysis and 
enabling informed and consistent economic evaluation; and  
• Development of competencies in both project management and change 
management: contingency planning and enhanced attention to the human and 
behavioural aspects of project management.  
The integrated project assessment and risk management framework developed through 
this research study provides purposeful measures for managing the critical risks to the 
long-term viability of residential recycled water schemes. While the integrated framework 
will not solve the immediate challenge of demonstrating an incontestable business case for 
residential recycled water schemes, it provides an informed starting point. Improved 
organisational and stakeholder risk management; robust data collection, management and 
dissemination practices; and the procurement of competencies in change management, 
will significantly aid progress towards the development of a robust, transparent and 
incontestable business case for residential recycled water schemes.  
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Preface 
The sign-post for a non-potable water pipeline, shown in the photo below, indicates one of 
the few recycled water schemes in Queensland. In residential developments supplied with 
recycled water, the visual identification of non-potable water is enabled through the colour 
purple – purple sign-posts (as shown in the photo), purple taps and a purple distribution 
pipeline below ground. I often follow the path of this non-potable water pipeline while 
walking my dogs. The sign-posts have consistently inspired and provoked thought on the 
long-term viability of residential recycled water schemes and the challenges facing the 
urban water sector as a whole. These purple sign-posts will now be looked upon with 
fondness - a reminder of my PhD journey and the myriad of lessons learnt.  
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  CHAPTER 1 
CHAPTER 1: INTRODUCTION 
1.1 Background to the problem 
The provision of water and wastewater services in Australia has changed significantly over 
the past three decades in response to water supply security concerns, environmental 
degradation and the need to facilitate sustainable urban development (Marlow et al. 2013). 
The diversification of urban water services has involved the transition from centralised, 
conventional infrastructure to integrated services comprising desalination plants, recycled 
water schemes, decentralised alternative water services and demand-side strategies.  
While changes in the provision of urban water services were essential to support the 
transition to sustainable water management, the diversification of services has not been 
without significant challenge. In recent years, the Australian water sector has been the 
subject of intense criticism with suggestions that over $3 billion was invested in inefficient 
water services during the Millennium Drought which occurred during 1997 to 2010 
(Productivity Commission 2014, WSAA and IPA 2015). Specifically, the substantial 
investment in desalination and water recycling schemes has been questioned (Productivity 
Commission 2011, Radcliffe 2015, WSAA and IPA 2015). Residential recycled water 
schemes, in particular, are an intriguing case study in which significant learnings can be 
gleaned.  
1.2 Residential recycled water schemes 
A residential recycled water scheme comprises the provision of treated stormwater and/or 
wastewater through a third-pipe system for non-potable residential use comprising toilet 
flushing, cold washing machine, garden watering and/or other outdoor use, as illustrated in 
Figure 1-1.  
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Figure 1-1: Residential recycled water schemes 
Residential recycled water schemes have been implemented at varying scales and 
configurations across the urban landscape, as follows (Sharma et al. 2013):  
• household scale: management measures and/or treatment technologies that 
provide water and wastewater services at the individual property scale, and are 
owned and operated by property holders. 
• development scale: systems which provide for multiple dwellings or a whole 
development, are sourced and treated within proximity to the dwellings and are 
managed either by a body corporate or water utility.  
• centralised scale: systems which provide services to a suburb, or multiple suburbs, 
and are owned by water utilities. 
The first residential recycled water scheme – Rouse Hill, Sydney - was commissioned in 
1994. In 2012, the total number of residential recycled water schemes exceeded 20 (refer 
Chapter 4). Residential recycled water schemes were implemented to achieve a range of 
benefits: water supply security, resource efficiency, deferral of conventional infrastructure 
upgrades and associated capital, reduction in peak potable water demand, reduction in 
pollutant discharge, improved urban amenity, increased public confidence in recycled 
water use and greater emphasis on sustainable management principles and sustainable 
urban development (Arbon and Ireland 2003, Engineering and Innovation Council 2003, 
Sharma et al. 2013). From a private sector perspective, land developers saw residential 
recycled water schemes as a way of distinguishing themselves by promoting ‘green’ 
development, in addition to enabling the development of land in areas constrained by 
conventional wastewater infrastructure (Marsden Jacob Associates 2013).  
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The development of recycled water schemes has aided the progression towards 
sustainable urban water management; a strategic objective of urban water utilities 
(Ferguson et al. 2013, Radcliffe 2015). The implementation of schemes facilitated 
significant learning and knowledge development within the water sector and promoted 
collaboration between multiple stakeholders (Institute for Sustainable Futures 2013a). A 
recent study commissioned by Yarra Valley Water identified that the water utility has offset 
approximately AUD $380,000 of environmental impact on an annual basis through the 
recycled water network and subsequent avoided water abstraction (Tucost and Advisory 
2016). The strategic benefits of recycled water schemes, namely to promote sustainable 
water management, build resilience to climate variability and reduce the reliance on 
conventional infrastructure, have also been highlighted in Victoria’s 30-year Infrastructure 
Strategy (Infrastructure Victoria 2016). The Strategy recommends the increased uptake of 
recycled water through third-pipe schemes, in addition to consistent investment in 
stormwater harvesting and improved governance arrangements in the water sector 
(Infrastructure Victoria 2016).  
1.2.1 Scheme status 
The development of residential recycled water schemes is continuing to be progressed in 
some states of Australia. In Melbourne, Victoria, water utilities have the authority to 
mandate dual piping in areas where additional water supply is required, as has been 
undertaken for the Fishermans Bend Urban Renewal Area in Melbourne’s inner city region 
(South East Water 2015) and Greenvale and Beveridge in north Melbourne (Yarra Valley 
Water 2015). In New South Wales, City of Sydney is continuing to promote the 
development of residential recycled water schemes, with the support of private water 
utilities that are progressing sustainable urban development in the region (City of Sydney 
2012). 
While residential recycled water schemes have become an important component of the 
water supply portfolio in Victoria and New South Wales; in other states the prudency of 
such schemes has been questioned (Clennell 2011, Taylor et al. 2011). Multiple schemes 
have suffered challenges, with some schemes delayed in commissioning, placed on stand-
by or prematurely decommissioned (Radcliffe 2015). As a result, just over 6 Mm3 of 
recycled water was produced in 2015 for urban use – 96% less than the 2012 production 
rate of 162 Mm3 (Bureau of Meteorology 2017).  
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For schemes which have been prematurely decommissioned, cost overrun and benefit 
shortfall have been reported as the predominant cause (Smith 2013, Utilities Science and 
Innovation Committee 2015, City of Gold Coast 2016). Unanticipated capital and 
operational costs have also been noted for operational schemes (Goddard 2006, Marsden 
Jacob Associates 2013), in addition to regulatory factors and fall in demand (Institute for 
Sustainable Futures 2013a). Although key challenges have been reported for some 
schemes, anecdotal evidence suggests that numerous additional schemes have 
encountered challenges, for which limited information has been made available. 
Additionally, the underlying causes of cost overrun and benefit shortfall have not been 
adequately investigated or disseminated. Publicly available information on recycled water 
schemes generally reports the drivers for, rather than limitations of, recycled water 
schemes (Watson et al. 2017), thereby reducing the ability to learn from past experience 
and to develop improved practices.  
1.3 Motivation for research 
While Australia’s urban water sector has emerged from the Millennium Drought with a 
diversified portfolio of water services, the portfolio has come at a substantial level of debt 
and increased costs to the community (WSAA and IPA 2015). With continued population 
growth, climate change, increasing customer expectations (Australian Water Association 
2016), reduced funding mechanisms and substantial debt (WSAA and IPA 2015), the 
Australian urban water sector will need to make efficient and prudent investment decisions 
going forward.  
The outcomes of the Millennium Drought period offer significant opportunity for learning 
and improvement, specifically with respect to the project risk management practices 
adopted by the urban water sector. The successful delivery of projects and the efficient 
use of public resources is contingent on improved risk management practices at the front-
end phase of a project (Blake Dawson 2011). At the foundation, this requires a 
comprehensive understanding of the range of risks to the long-term viability of 
infrastructure projects and the prioritisation of measures for addressing critical risk factors. 
Although the outcomes of some residential recycled water schemes have been reported, 
the range of risk factors are still relatively undefined (Institute for Sustainable Futures 
2013c).  
Consequently, the aim of this thesis is to identify and characterise the range of risks to the 
long-term viability of residential recycled water schemes and to define critical risk factors 
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on the basis of historical occurrence and practitioner experience. To support water utilities 
in improved decision-making, a project assessment framework has been developed that 
incorporates critical risk factors in an integrated manner.   
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CHAPTER 2: LITERATURE REVIEW 
2.1 Diversification of urban water services  
Over the past few decades, significant changes have been made with respect to urban 
water management in Australia. In the 1980s, the community interest in wastewater 
recycling and stormwater harvesting arose as a result of growing concern for the 
degradation of freshwater and marine environments caused by treated effluent and 
stormwater discharge (Anderson 1996, WSAA and IPA 2015). Subsequently, small-scale 
wastewater recycling schemes were implemented for pastoral irrigation and stormwater 
harvesting schemes were developed for urban landscaping and golf course irrigation 
(Anderson 1996). In 1994, the first full-scale residential recycled water scheme was 
commissioned at the Rouse Hill development in the North West of Sydney (Law 1996). 
The scheme was developed predominately to reduce the volume of treated effluent 
discharge to a degraded river system, with the additional benefit of reducing potable water 
consumption at the onset of the Millennium Drought in 1997 (Law 1996).  
As the drought worsened, individual States set recycled water targets and the Australian 
Government committed to a national target of 30% recycled wastewater by 2015 (Marsden 
Jacob Associates 2012). During this period, numerous residential recycled water schemes 
were developed at varying scales from household to centralised systems. In New South 
Wales and South Australia, the Water Industry Competition Act 2006 (New South Wales) 
and the Water Industry Act 2012 (South Australia) were introduced to enable private-
sector investment in water services and to promote innovation in the water and wastewater 
industries. Consequently, the development of residential recycled water schemes in New 
South Wales has largely been driven by the private sector (West et al. 2016).   
As the drought continued to increase in severity, numerous initiatives were implemented to 
reduce water demand and enhance water supply security. The Commonwealth 
government contributed significantly to the financing of alternative water schemes while 
rebates for water efficient appliances were provided by the Commonwealth, state and 
territory governments. Water demand management strategies comprised the promotion of 
water efficient appliances, water restrictions and the introduction of a voluntary daily target 
water usage for household consumption (Ferguson et al. 2013). At the household scale, 
rainwater tanks, greywater reuse and wastewater treatment and recycling schemes were 
developed to provide additional water supply (Sharma et al. 2013). At the development to 
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centralised scale, wastewater treatment and recycling, stormwater harvesting and 
managed aquifer recharge schemes were developed to provide for residential, 
commercial, agricultural and industrial use (Sharma et al. 2010).  
Following unprecedented water restrictions, seawater desalination plants were urgently 
developed in Perth, Sydney, Melbourne, Adelaide and the Gold Coast. In Queensland, the 
South East Queensland Water Grid was developed to connect areas that have an 
oversupply of water to those lacking in water. Components of the project included the Gold 
Coast desalination plant and the Western Corridor Recycled Water Scheme which was 
proposed to supply potable recycled wastewater from three advanced water treatment 
plants to power stations, industrial and agricultural customers and to Wivenhoe Dam, 
Brisbane’s major water supply dam. In Perth, two desalination plants have been in full 
operation since completion and a groundwater replenishment scheme is in development 
comprising managed aquifer recharge of recycled water (Radcliffe 2015).   
While Perth catchments continue to have low yield, in Eastern Australia water supply 
storages have returned to pre-drought conditions since the drought broke in late 2009 
(Radcliffe 2015). The urban water sector is now armed with a portfolio of diversified water 
and wastewater services; however, this portfolio has come with a substantial level of debt, 
increased costs to customers and an array of stranded assets (WSAA and IPA 2015).      
2.1.1 Status of water service diversification in Australia 
Between 2001 and 2012, the production capacity of wastewater recycling increased by 
41%, from 630 Mm3 per annum to 1,100 Mm3 per annum, while the production rate 
increased by 85%, from 44 Mm3 to 300 Mm3 (Bureau of Meteorology 2017). However, 
following the end of the drought, schemes were placed on standby and the production rate 
reduced to only 20 Mm3 in 2014. Desalinated water production followed a similar trend. 
Between 2001 and 2013, the production capacity of desalinated water increased by 93%, 
from 60 Mm3 per annum to 880 Mm3 per annum, and the production rate increased from  
0 Mm3 to 170 Mm3. However, by 2014 the production rate of desalinated water had 
reduced to less than 1 Mm3. Table 2-1 presents the current status of major desalination 
and water recycling plants in Australia.   
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Table 2-1: Status of major desalination and water recycling plants 
Location Capacity  
(Mm3 per annum) 
Status (as of 2016) 
Desalination plants 
Sydney-Kurnell (NSW)  90 Standby 
Melbourne-Wonthaggi (Vic) 150 Standby 
Gold Coast / Brisbane-Tugun (QLD) 45 Standby 
Adelaide-Port Stanvac (SA) 100 Standby 
Perth-Kwinana (WA) 45 Full capacity 
Perth-Southern Binningup (WA) 100 50 – 80 Mm3 per annum, 
100 Mm3 per annum in 
drought 
Potable recycling  (components of Western Corridor Recycled Water Scheme) 
Brisbane-Bundamba (QLD) 24 Closed 
Brisbane-Gibson Island (QLD) 36 Closed 
Brisbane-Luggage Point (QLD) 24 Closed 
Source: WSAA (2013), SEQWater (2016) in Radcliffe (2015); Utilities Science and Innovation 
Committee (2015) 
In addition to desalination plants and potable recycling schemes, non-potable recycled 
water and stormwater harvesting schemes have been delayed in commissioning, placed 
on standby or prematurely decommissioned. Decommissioning of the Pimpama Coomera 
recycled water scheme (City of Gold Coast 2016) and Caboolture South recycled water 
scheme (Smith 2013) has commenced, while Lochiel Park and Fitzgibbon Chase 
stormwater harvesting schemes have been indefinitely delayed in commissioning (Leonard 
et al. 2013, Economic Development Queensland 2014). Anecdotal evidence suggests that 
numerous additional schemes have encountered challenges, for which limited information 
has been made available.  
2.1.2 Key findings of water service audits 
For schemes which have been placed on standby or prematurely decommissioned, cost 
overrun and benefit shortfall have been reported as the predominant causes (Queensland 
Auditor-General 2013, City of Gold Coast 2016, ABC News 2017). Due to the urgent 
nature in which schemes were developed, numerous schemes were developed without a 
robust business case or rigorous decision-making process (Productivity Commission 
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2011). Additionally, the provision of large government grants may have resulted in 
inefficient investment decisions (Productivity Commission 2011). In response to offers of 
additional funding, several projects were built with excess production capacity. However, 
there was limited consideration to how the additional capacity would be utilised or to the 
impact of excess capacity on the operational and financial performance of the scheme 
(Radcliffe 2015).   
The Australian National Audit Office (2013) concluded that neither of the two grants for the 
Adelaide Desalination Plant demonstrably satisfied the criteria of the Commonwealth 
program guidelines and that the second grant was awarded through a process that was 
inconsistent with the requirements of the grants administration framework. In a review of 
the Gold Coast Desalination Plant and Western Corridor Recycled Water Scheme, the 
Auditor-General found that the cost-efficiency of the assets could not be demonstrated due 
to limited comparative benchmarking data and inconsistent operation of the assets in any 
one mode (Queensland Auditor-General 2013). The review identified that no robust 
business case was developed for the desalination plant and that the benefits of the 
recycled water scheme had been overstated. In addition, the capital and operating costs 
for both schemes were significantly higher than originally anticipated. While the objective 
of enhanced water supply security was achieved, the environmental objectives were not 
achieved and economic objectives were not specified (Queensland Auditor-General 2013). 
The Queensland Auditor-General (2013) suggested that, although the drought was 
unprecedented, better planning may have avoided the need for such extensive and costly 
works. Specifically, a rigorous assessment of the costs and benefits associated with 
achieving the desired social, economic and environmental objectives, in all likely modes of 
scheme operation, should have been undertaken (Queensland Auditor-General 2013).  
2.2 Public infrastructure project failure 
Public infrastructure failure is sector-wide. The Productivity Commission (2014) highlight 
numerous transport, energy, public works and critical infrastructure projects in which 
inadequate project selection has resulted in poor value for money and mediocre outcomes 
for the community. This finding is substantiated by an extensive volume of government 
and private sector reports which illustrate that public infrastructure projects regularly 
exceed cost estimates by 10% and schedule estimates by 20% (Duffield 2008, Evans & 
Peck 2011, Western Australia Auditor General 2012, Terrill and Danks 2016). 
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Inefficient infrastructure investment is not inherent to Australia alone. In a review of over 
200 international public transport projects, Flyvbjerg (2009) found that almost nine out of 
ten projects suffered cost-overruns and an equivalent number overestimated demand. 
Ansar et al. (2014) found that large dams, built in every region of the world, have 
experienced significant cost overruns, with actual costs being 96% higher than estimated, 
on average. Across the European Union, an increasing number of gas turbine power 
plants have been prematurely decommissioned with substantial financial impact to major 
utilities (Caldecott and McDaniels 2014). In China, poorly managed infrastructure 
investments are thought to be the predominant cause of surfacing economic and financial 
problems (Ansar et al. 2016).  
Inefficient investment decisions are a substantial drain on the economy. Poorly chosen 
infrastructure projects are unnecessary and expensive to maintain, posing a significant 
and long-term financial burden to the community (Productivity Commission 2014). 
Inefficient infrastructure lowers productivity and reduces the potential for efficient projects 
to be developed. Stranded assets affect company balance sheets, discourage future 
investment by private entities and, in some cases, result in receivership of the investing 
company (Caldecott and McDaniels 2014, Productivity Commission 2014). Additionally, 
social and environmental benefits are diminished and reputational damage is significant. 
Consequently, the Productivity Commission (2014) has called for a comprehensive 
overhaul of the processes adopted for assessing and developing public infrastructure 
projects.  
2.2.1 Factors which contribute to project failure 
The factors which contribute to ‘project failure’ – defined as cost overrun, schedule 
overrun, non-completion or completion with reduced outcomes (Achterstraat 2013) – vary 
considerably within the literature. Despite proposing many contributing factors, few studies 
have aimed to identify the underlying causes or to define critical risk factors (Klakegg 
2009). The definition of critical risk factors is essential as it forms the basis for the adoption 
of improved risk management practices at the front-end phase of a project (Klakegg 2009, 
Terrill and Danks 2016). 
Klakegg (2009) suggests that the key factors leading to project failure arise in the early 
stages of project development; with a lack of relevance and sustainability being the two 
most important contributing factors. A lack of project relevance arises when the users’ 
needs are unknown, misunderstood or ignored and is often a result of the decision-maker 
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believing that their own goals and priorities, or political goals and priorities, are more 
important than a users’ needs. A lack of project sustainability arises when there is conflict 
over objectives, a lack of commitment from key stakeholders, low financial and economic 
benefits or changes in conditions between the concept stage and final delivery (Klakegg 
2009).  
The Auditor-General of New South Wales (Achterstraat 2013) supports the findings of 
Klakegg (2009), stating that project failure arises from three key sources: 1. poor 
governance, 2. inadequate project management, and 3. lack of effective leadership. 
Specifically, Achterstraat (2013) identified that unsuccessful projects suffer from a poor 
initial business case, unclear statements of outcomes, lack of senior management buy-in, 
inadequate stakeholder engagement, conflict of interest, optimism bias and subjective 
decision-making.  
Optimism bias, in particular, is referred to frequently in literature pertaining to public 
infrastructure investment (Mott MacDonald 2002, Flyvbjerg et al. 2003, Marques and Berg 
2011, Institute for Sustainable Futures 2013b, Ryan and Duffield 2014). Optimism bias 
comprises a cognitive predisposition to judge future events in a more positive light than 
that which has occurred in reality (Flyvbjerg 2006). Flyvbjerg (2009) states that, while 
technical challenges are often suggested as the cause of inaccurate cost and benefit 
forecasts, optimism bias and political factors are a more accurate explanation. In a study 
of large public procurement projects in the United Kingdom, Mott MacDonald (2002) found 
that optimism bias is greatest at the business case stage of a project. The research 
identified that capital and operational expenditure was underestimated by 47% and 41% 
respectively, on average, as a result of optimism bias (Mott MacDonald 2002). Marques 
and Berg (2011) found that, whether due to strategic optimism bias or to technical 
difficulties in forecasting, drinking water consumption forecasts are consistently biased 
towards greater volumes.  
The Productivity Commission (2014) state that the causes of poor project selection are 
many and varied. In relation to poor investment decisions made by the Australian urban 
water sector, the Commission cites unclear roles and responsibilities, political and 
regulatory constraints, deficiencies in option analysis and substantial Government grants 
as confounding factors (Productivity Commission 2011). The World Economic Forum 
(2015) also highlight a range of risk factors for infrastructure projects arising from 
business, political and regulatory, macro and socio-economic and force majeure 
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conditions. While projects are often impacted by multiple, context-specific factors, the 
World Economic Forum (2015) identified that the highest-ranked factor, for both emerging 
and developed countries, is political and regulatory risk. Political and regulatory risks, such 
as unexpected changes in laws and regulations, are common in all infrastructure projects 
and represent a major constraint on investment decisions (World Economic Forum 2015). 
Table A1, Appendix A, highlights the range of risk factors reported for infrastructure 
projects. 
2.2.2 The need for improved project risk management 
Building Queensland (2016a) highlight the need for risk management to inform, and be 
informed by, each step in the project assessment process. This is especially the case at 
the front-end phase of a project when the opportunity to reduce risk and uncertainty is 
greatest (World Bank 1996, Samset 2008, Klakegg 2009, Edkins et al. 2013, Samset and 
Volden 2016). However, multiple reports have noted the inadequacy of the risk 
assessment practices adopted for public infrastructure projects (Victorian Auditor-General 
2010, 2011, Caravel 2013, Victorian Auditor-General 2013, Productivity Commission 
2014). In a survey of industry participants throughout Australia, Blake Dawson (2011) 
found that more than one third of major projects were developed without effective risk 
identification and management processes. Ten-percent (10%) of survey respondents 
indicated that they did not undertake any formal risk identification process prior to contract 
entry and nearly 30% stated that key project risks were only identified after the contract 
was executed (Blake Dawson 2011).  
McKinsey & Company (2013) suggest that project failure is largely due to a lack of 
professional, forward-looking risk management. Numerous organisations and industries 
find it challenging to develop an institutional risk management culture. Challenges arise 
due to lack of data and insufficient technical, professional and financial resources 
necessary to enable informed risk assessment (Deloitte 2014). Through a survey of 
multiple industries in Australia, Blake Dawson (2011) identified three key limitations of risk 
management practice which affect project outcomes: 1. a lack of appropriately skilled and 
experienced personnel to undertake risk assessment and management, 2. insufficient time 
and budget to appropriately identify and allocate risks, and 3. a failure to actively and 
adequately manage risk throughout the project life-cycle.   
One of the major factors limiting the identification and assessment of project risk, in 
general, is the lack of ex-ante and ex-post project evaluation. In many cases, projects are 
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not adequately evaluated prior to investment decisions being made (Terrill and Danks 
2016). Ex-post evaluations are rarely undertaken for infrastructure projects, limiting the 
opportunity for governments and other decision-makers to learn from successes and 
failures (Productivity Commission 2014). Infrastructure Australia (2015) recommends that 
information on infrastructure performance is assembled at a national level and reported 
publicly to assist the forecasting of benefit, risk and cost for infrastructure planning. 
In the urban water sector, integrated risk management is still in its infancy (Allan et al. 
2013b, Institute for Sustainable Futures 2013d). Engineering and asset risk assessment is 
undertaken in isolation of strategic risk assessment, often resulting in a disconnect 
between the view of strategic risk and the operational reality of risks (Luis et al. 2015). In a 
survey of water utility risk managers in Europe, America and Canada, Allan et al. (2013b) 
found that the main challenges to effective risk management pertained to inconsistent risk 
appetites, lack of coordination between departments and lack of risk manager authority. 
The respondents suggested that risk management was often seen as an audit function, 
rather than a necessary component of project, operational and strategic management 
practice (Allan et al. 2013b). 
2.3 Project risk management 
Risk management is a critical component of the project assessment process (Project 
Management Institute 2013). The Department of Treasury and Finance Victoria (2009) 
define project risk management as ‘the culture, processes and structures, adopted by an 
organisation, directed towards the effective management of risk in projects’. Risk 
governance encompasses the three main elements of risk analysis: risk assessment, risk 
management and risk communication (Renn 2008b). Risk management should commence 
at the front-end phase of a project and undergo regular review and revision throughout the 
project life-cycle.  
The front-end phase of a project comprises the identification and assessment of project 
concepts (or options) in order to inform an investment decision, as illustrated in Figure 2-1; 
commonly referred to as the ‘project assessment process’. The strategic failure of a project 
is more a result of the choice of concept, rather than how the project is implemented 
(Samset 2008). Consequently, the opportunity to reduce risk is greatest at the frond-end 
phase, where the project concept is formulated and the decision to proceed, or not 
proceed, is made (Samset 2008).  
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Figure 2-1: Project life-cycle decision and analysis (Samset 2008) 
Traditionally, risk management was seen as a discrete step rather than a central 
component of the project assessment and decision-making process. In recent years, the 
need for risk and accountability to be centrally placed within project assessment practice 
has been noted (Samset 2008, Flyvbjerg 2009, Ai et al. 2015). The Building Queensland 
Business Case Development Framework (2016a) highlights the need for risk management 
to inform, and be informed by, each step in the assessment process. The framework 
specifies ‘the identification and assessment of project and ongoing risks that might create, 
enhance, prevent, degrade, accelerate or delay the achievement of the objectives and 
outcomes associated with the shortlisted options’ (Building Queensland 2016a). The 
linkage of risk management to each step of the project assessment process illustrates the 
recognition that risks, both positive and negative, are interrelated, interdependent and 
firmly entwined in decision-making practice.  
Risk informed decision-making is based on both science and value (Aven 2016), as 
illustrated in Figure 2-2. Evidence is acquired through investigation and analysis which, 
combined with expert judgment, is used to inform a knowledge base. The knowledge base 
is then evaluated by experts, with consideration to the values of the decision-maker, and a 
judgment made as to the risk and uncertainty associated with the decision (Aven 2016). 
The decision-maker then combines the factual information with further value-based 
considerations to make an informed decision. In this process, there is always a need for 
managerial review and judgment with respect to the knowledge, and lack of knowledge, on 
which the assessments are based (Aven 2016).  
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Figure 2-2: Risk informed decision-making (Aven 2016) 
There are two fundamental ways in which risk is evaluated by humans – risk assessment 
and risk perception (Slovic 1987, Renn 1998). Risk assessment pertains to the scientific 
deliberation of risk, where knowledge, logic and reasoning are combined to inform 
decision-making. Risk perception refers to an individuals’ evaluation of risk based on 
feelings, or instinctinve and intuitive reactions, referred to as the ‘affect heuristic’ (Slovic 
and Peters 2006). Risk perception studies demonstrate what matters to people, while risk 
assessment, based on scientific investigation, aids in determining whether the risk 
perceptions are warranted and to what degree the assessment of the various risk sources 
must follow robust scientific processes (Renn and Klinke 2016).  
2.3.1 Risk assessment 
Risk assessment forms a key component of risk management, where risk management is 
the application of ‘policies, procedures and practices to the tasks of establishing the 
context and identifying, analysing, evaluating, treating, monitoring and communicating risk’ 
(Australian Standards 2003). Risk assessment comprises the identification, analysis and 
evaluation of risks (Standards Australia 2009) with the ultimate goal of risk assessment to 
inform decision-making (Kammen and Hassenzahl 2001). The ISO 31000:2009 Risk 
management – Principles and guidelines (Standards Australia 2009) define risk as the 
‘effect of uncertainty on objectives’, while uncertainty is the ‘state, even partial, of 
deficiency of information related to understanding or knowledge of an event, its 
consequence, or likelihood’ (Standards Australia 2009).  
2.3.1.1 Technical risk assessment 
Technical risk assessment attempts to objectively measure risk. In mathematical terms, 
risk is expressed as the probability (or likelihood) of occurrence of an event multiplied by 
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the impact of the event on defined objectives. Likelihood and impact of an event may be 
evaluated through qualitative, semi-quantitative or quantitative approaches. Qualitative 
analysis is often used as a screening tool to prioritise risks for further assessment. 
Methods for qualitative analysis include risk narratives, evidence mapping, rating, ranking 
and risk matrices (Yoe 2011). In semi-quantitative analysis, descriptive scales of likelihood 
and impact are given values to enable a more defined assessment and prioritisation than 
that achieved through qualitative analysis. Quantitative approaches use probability 
distributions to assess the likelihood and impact of events on objectives, where the 
probability distributions are developed through modelling, experimentation or extrapolation 
from historical data (Australian Standards 2003).  
While technical approaches attempt to objectively measure risk, the concepts and 
parameters of risk are dependent on subjective decisions (Renn 2008a). Each individual’s 
perception of risk is dependent on their values, with these values reflected in how risks are 
characterised, measured and interpreted. Risk assessment is influenced by various biases 
including overconfidence in the data, assessment method and corresponding outcomes; 
the statistical vulnerability of low-probability estimates; monetary and political pressures 
(Freudenburg 1988); the desire to confirm one’s beliefs (confirmation bias); overstatement 
of easily recalled events (availability bias) and an emotional predisposition for, or against, 
a specific outcome (Montibeller and von Winterfeldt 2015). Additionally, by adopting a 
purely technical approach to risk assessment, one is assuming that the future is a 
continuation of the past and that the magnitude of risk may be compressed into a single 
dimension, which is far from reality (Renn 2008a).   
2.3.1.2 Economic risk assessment 
Economic approaches attempt to address the subjective nature of risk by replacing the risk 
impact parameter with a utility value which aims to express society’s satisfaction or 
dissatisfaction with a particular event (Renn 2008a). In addition to assessing negative 
effects, the possibility of profit (positive utility) is also assessed. By considering the 
subjective satisfaction or dissatisfaction of an event, the impact of an event can be 
measured by a broader range of symbolic, psychological or social criteria (Renn 2008a). 
Economic theory aims to integrate risk assessment within a larger cost-benefit analysis, in 
which risk is defined as the expected utility loss resulting from an event (Renn 2008a). 
However, although attempting to account for the subjective nature of risk, economic 
approaches remain fundamentally technical and objective in nature given that it is 
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impossible to aggregate individual utilities into a single societal welfare function (Vasvári 
2015).  
2.3.2 Risk perception 
Whereas technical analysts employ risk assessment to evaluate hazards, the majority of 
humans rely on intuitive judgements of risk, or ‘risk perception’ (Slovic 1987). Perceptions 
of risk are influenced by intuitive heuristics and judgments, social and cultural factors, 
contextual factors relating to the perceived characteristics of the risk, semantic 
associations relating to the risk source and the perceived trust and credibility of the actors 
involved in the risk debate (Tversky and Kahneman 1974, Renn 1998). While expert 
perceptions of risk are synonymous with the probability of harm or impact, as evaluated 
through risk assessments, the public has a much broader conception of risk that 
incorporates considerations such as uncertainty, dread, catastrophic potential, 
controllability, equity and risk to future generations (Slovic 1987). Due to the difference in 
perspectives, conflicts over ‘risk’ often result between experts and the public (Slovic et al. 
1982).  
2.3.2.1 Psychological concept of risk 
The psychological concept of risk places emphasis on risk perceptions – the subjective 
judgment or appraisal of risk. The psychological approach aims to explain why individuals  
perceive hazards differently and to explore the various biases which influence risk 
perceptions (Tversky and Kahneman 1974, Renn 1998).  
Major methodological approaches for investigating risk perception comprise psychometric 
scaling exercises and the development of mental models of risk. In psychometric scaling 
exercises, participants make judgments about the current and desired riskiness of hazards 
which are then related to judgments about other properties such as the characteristics 
which influence risk perception, the participant’s familiarity and knowledge of the risk, the 
severity of consequences and the benefit that each hazard provides to society (Slovic et 
al. 1982). In addition to enabling the quantification of risk perceptions, psychometric 
techniques enable the similarities and differences of risk perceptions among groups to be 
assessed (Slovic 2010).  
Mental models aim to represent how people perceive the world around them (Wood et al. 
2017). In the context of risk, mental models aim to reconstruct the mental associations of 
people with respect to the risk and related subjects, such as the actors involved, context, 
and attitudes towards the source of risk (Renn 2008a). The mental model is then assessed 
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against the factors involved in creating and controlling a hazard, as understood from a 
scientific perspective; the aim of which is to identify gaps in understanding, reinforce 
correct beliefs and correct misconceptions (Fischhoff 1995).  
The psychological perspective on risk contributes valuable information for understanding 
risk responses among individuals and groups and for designing risk policies (Renn 2008a). 
However, as risk perceptions vary among individuals and groups, aggregating individual 
preferences and finding a common denominator for comparing individual risk perceptions 
is challenging.  
2.3.2.2 Social amplification of risk 
The social amplification of risk occurs when hazards interact with psychological, social, 
institutional, and cultural processes in ways that amplify or attenuate public responses to 
the risk or risk event (Kasperson et al. 1988). Amplification occurs through the transfer of 
information about the risk, and in the response mechanisms of society to the risk 
information (Kasperson et al. 1988). Multiple factors contribute to the social amplification of 
risk including media coverage of an event, a particular hazard or event which enters into 
the agenda of social groups and the interpretation of unfortunate events as signals 
regarding the magnitude of risk (Slovic 2010). The social amplification of risk may have 
substantial impacts upon society and economy, where minor risks or risk events, as 
assessed by technical experts, elicit strong public concerns (Kasperson et al. 1988).   
2.3.3 Integrated risk assessment 
Technical risk assessment has become a sophisticated and powerful tool for assessing 
potential harm caused by human actions, technology or natural disasters. However, 
technical risk concepts address a limited scope of effects only and confine likelihoods to 
numerical probabilities based on relative frequencies derived from experiments, models, 
expert judgements, and scenario techniques (Renn 2008a). Risk assessment is inherently 
subjective and is influenced by a range of psychological, social, cultural, and political 
factors. The economic, psychological, and social science perspectives on risk broaden the 
scope of expressing possibilities and likelihood, and place emphasis on the evaluation of 
the risk context, the non-physical impacts, and the associations between the risk and 
social or cultural factors (Renn 2008a). Consequently, an integrated approach to risk 
assessment is required, guided by the rigor and specificity of the technical and natural 
science approaches and inspired by the richness and plurality of the economic, 
psychological and social science approaches (Renn 2008a).  
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2.4 Risk management for residential recycled water schemes 
The public water sector has long been regarded as risk-averse; a trait which has likely 
arisen from intense public scrutiny (Commonwealth of Australia 2010). While this has 
ensured a strong focus on environmental and public health risk management, it has also 
created a culture of conservatism and an arena where change and innovation occur only in 
response to a crisis or through individual champions (Eggers and Singh, 2009). The 
Millennium Drought was one such crisis which catalysed innovation in the water sector, 
specifically in the development of alternative water sources such as residential recycled 
water schemes.  
2.4.1 Risks to the long-term viability of residential recycled water schemes 
The academic and grey literature pertaining to recycled water schemes suggest many 
potential risk factors and underlying causes of scheme failure. The studies fall into three 
main categories: 1. focussed research on discrete risk factors; 2. broad review of a range 
of ‘risks’, ‘barriers’, ‘challenges’ and ‘impediments; and 3. case study investigation  of 
recycled water schemes.   
The research pertaining to discrete risk factors has predominately focussed on public 
health risk, environmental health risk and public risk perception. Public and environmental 
health risk has dominated the literature; with methods developed for the qualitative and 
quantitative analysis of the chemical and microbial hazards of recycled water (Toze 2006, 
Willetts et al. 2007, Cook et al. 2008, Khan 2010, Chapman et al. 2011, Chen et al. 2013, 
Page et al. 2013, Huxedurp et al. 2014). The potential for, and impact of, cross-connection 
incidents has been investigated (Storey et al. 2007, Mena et al. 2008, Hambly et al. 2012), 
although Storey et al. (2007) found that cross-connection events are spatially and 
temporally rare. There is limited evidence in the literature to support the public and 
environmental health risk concerns associated with residential recycled water schemes. In 
fact, scholars have theorised that the public health risk perception has led to higher than 
necessary treatment, which in turn has led to unnecessary capital and operational 
expenditure for some schemes (Toze 2006, Institute for Sustainable Futures 2013d).  
Extensive research has been undertaken to investigate public risk perception pertaining to 
recycled water schemes, with the studies focussed predominately on defining the factors 
which influence public acceptance of recycled water (Marks et al. 2003, Hurlimann 2007, 
Dolnicar and Schafer 2009, Dolnicar et al. 2011). For certain recycled water schemes, the 
social amplification of risk has led to project failure. An indirect potable recycled water 
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supply proposal for the city of Toowoomba in Queensland was subject to a community 
plebiscite which was subsequently lost. Biases in information processing were identified, 
with supporters and opponents relying solely on information aligned with their own values 
(Radcliffe 2015). While the studies found that people are reluctant to drink recycled water, 
they are generally receptive to using recycled water for use with low personal contact, as 
is the case in non-potable residential recycled water schemes (Dolnicar et al. 2011).   
In the past few years, attention has turned to the financial and economic viability of 
recycled water schemes (Marsden Jacob Associates 2013, 2014, Eggimann et al. 2016, 
Roefs et al. 2016). Through workshops with over 100 practitioners across five states of 
Australia, Marsden Jacob Associates (2013) found that the two most prominent barriers to 
the successful implementation of non-potable recycled water projects are the cost 
effectiveness of schemes and commercial risk, in particular demand risk. Deviations in 
forecast and actual demand are common for recycled water schemes leading to 
unanticipated financial and operational challenges (Institute for Sustainable Futures 
2013b). In response to additional funding by the Commonwealth government, several 
projects were over-designed without consideration to the impact of redundant capacity on 
the operational performance or operational costs of the recycled water scheme (Radcliffe 
2015).  
To date, a consistent approach to the financial assessment of recycled water schemes, 
and to the development of a robust and transparent business case, has not been adopted. 
Different stakeholders utilise different economic frameworks to assess the cost and 
benefits to the organisation, as opposed to the total economic costs and benefits to the 
State (Dandy et al. 2013). A review of integrated water management studies, undertaken 
by Melbourne Water (2015), identified the following limitations in the reported cost-benefit 
analysis: 
• Majority of water service options assessed were designed to achieve different 
objectives, the benefits of which were not adequately incorporated within the CBA;  
• Cost components were expressed differently in each study and the basis for cost 
estimations varied;  
• The definition of the business as usual (BUA), or base case, differed between 
studies; and  
• The discount rate and period of analysis utilised to estimate net present value 
(NPV) differed in each study.  
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The inconsistent basis against which the project options were assessed made it 
challenging to effectively compare the performance forecasts for each option and to 
assess the validity of the assessment approaches adopted (Melbourne Water 2015). 
Watson et al. (2017) also identified inconsistencies in regulatory and economic conditions 
which pose significant constraints to recycled water investment. The institutional legacy of 
water service provision, combined with inconsistent and competing policy objectives and 
reforms, create powerful limitations to the provision of recycled water by private entities 
(Watson et al. 2017).  
Numerous studies have utilised a literature review approach to define a range of risk 
factors pertaining to recycled water schemes (Arbon and Ireland 2003, Hatton MacDonald 
and Dyack 2004, ACIL Tasman 2005, Dimitriadis 2005, Fletcher et al. 2008, Brown and 
Farrelly 2009, Marlow et al. 2013, Radcliffe 2015). Through a review of 25 studies, Kunz et 
al. (2016) identified 71 drivers against wastewater recycling. The authors summarised the 
key factors as: public opposition (social), higher cost for recycled water (economic), 
cultural challenges within an organisation (business), regulation pertaining to third parties 
(political) and water quality requirements and uncertainty (technical). The authors stated 
that, despite considerable research on recycled water, few attempts have been made to 
explicitly define the complex array of drivers against recycled water (Kunz et al. 2016).  
The historical performance of residential recycled water schemes has predominately been 
researched through single case studies. Single case study investigations undertaken by 
Davis and Farrelly (2009), Farrelly and Davis (2009a), Goddard (2006), Economic 
Development Queensland (2014), Fearnely et al. (2004), Wang (2011), Brace and Fahrner 
(2009), Suggate (2009) and Taylor et al. (2011) present the successes and challenges 
encountered in the development and implementation of a combined total of nine residential 
recycled water schemes in Australia. Single case studies enable the researcher to obtain a 
deep and comprehensive understanding of the drivers which support or inhibit recycled 
water scheme investment. However, the context-specific nature of single case studies 
means that the generalisability of the findings to other study contexts is limited (Kunz et al. 
2016).  
Few studies have aimed to investigate an intermediate or large sample of case studies. In 
a review of six water sensitive urban design (WSUD) schemes, Leonard et al. (2013) 
identified that the key drivers that inhibit community acceptance comprise: poor functioning 
of WSUD systems, inadequate maintenance and ongoing management, lack of community 
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consultation, uncertainties about costs and lack of knowledge and understanding by the 
community. Moglia et al. (2011a) also highlighted maintenance issues, lack of information 
and system performance issues as primary concerns for residents provided with 
alternative water services. Through a survey of 12 recycled water schemes operators, 
Muston and Wille (2006) found that major implementation issues were considered to 
comprise commercial, financial, technical, institutional and legal constraints; while political 
and environmental issues were considered as less significant issues.   
Although each case study investigation differed in the study objective, and the majority of 
research was undertaken on a single case study only, the findings provide useful and, 
often detailed, information for defining risk factors and impacts on scheme objectives. As 
such, the information collated from these studies has been utilised to inform the findings 
detailed in Chapter 4 of this thesis (refer Table B1, Appendix B).    
2.4.2 Risk evaluation and the definition of critical risk factors 
Despite considerable research on recycled water schemes, only three studies aimed to 
define the critical risks to the long-term viability of residential schemes. The Institute for 
Sustainable Futures (2013c) adopted an in-depth case study approach in which eight 
recycled water schemes in Australia were investigated – one residential, one commercial, 
three irrigation and three industrial (Institute for Sustainable Futures 2013c). Six key 
factors which contribute to risk and uncertainty in the development and implementation of 
recycled water schemes were identified: stakeholders, scheme objectives, supply and 
demand, treatment, institutional arrangements and financing (Institute for Sustainable 
Futures 2013c). The authors identified that risks to the long-term viability of recycled water 
schemes go well beyond technical risks, although a comprehensive understanding of the 
range of risk factors is still in its infancy.   
Adopting a qualitative risk assessment approach, comprising stakeholder interviews and 
workshops, Moglia et al. (2011a) assessed key failure modes in the development process 
of nine alternative water schemes in Australia. The authors identified that the majority of 
failure modes occurred at the planning stage, with the most common being a lack of 
consideration to context, a lack of consideration to operators and inadequate specification 
of scheme requirements. The authors recommended that further understanding of critical 
risk factors is required to inform the development of improved frameworks for the planning 
and operation of alternative water schemes (Moglia et al. 2011a).   
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Dobbie et al. (2013) utilised a national survey questionnaire to characterise risk 
perceptions and attitudes of Australian urban water practitioners towards alternative water 
schemes. The survey considered 14 risk factors: public health, environmental, supply 
failure, aesthetic, technological, management failure, political, loss of end-user 
commitment, constrained future innovation, compliance, capital costs, 
maintenance/operations cost, commercial and reputation loss. The survey identified that 
urban water practitioners perceived political, capital cost, operational cost and commercial 
risk as moderate with respect to third-pipe systems; while the remaining risk factors were 
rated as low to minor. 
In each study, a different set of critical factors were reported. This is likely a reflection of 
the different scheme types investigated by the Institute for Sustainable Futures (2013c) 
and Moglia et al. (2011a) and the focus on risk perception by Dobbie et al. (2013). The 
research by the Institute for Sustainable Futures (2013c) and Moglia et al. (2011a) was 
undertaken on a small subset of recycled water schemes (less than nine) and only one 
residential recycled water scheme. While addressing a range of risks to the long-term 
viability of recycled water schemes, the survey conducted by Dobbie et al. (2013) was 
developed to ascertain the risk perceptions of urban water practitioners, as opposed to 
defining critical risks based on historical evidence or expert knowledge. Additionally, the 
survey was not targeted at practitioners with residential recycled water scheme experience 
and therefore the ratings of receptivity and risk may have been skewed by practitioners 
with limited residential recycled water scheme experience. Each of the landmark studies 
provides further insight to the risk factors and failure modes of recycled water schemes. 
However, the critical risk factors specific to residential recycled water schemes in Australia 
remain undefined.  
2.4.3 Risk management for residential recycled water schemes 
Risk management in the water sector has traditionally been reactive, rather than proactive 
(Allan et al. 2013a), and risks have been over or under exaggerated, dependent on their 
nature (Luis 2014). Procedures pertaining to environmental and public health risk 
management have proliferated to the point where resources have been focussed on 
preventing historical incidents, rather than addressing risks which may arise in the future 
(MacGillivray and Pollard 2008, Luis 2014). Business risks have received inadequate 
attention (Institute for Sustainable Futures 2013c), largely owing to the historic public 
monopoly of water utilities (Pollard 2008). While economic regulation is in place, and water 
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industry competition has been promoted in some states of Australia, this has created 
further unintended business risks (Productivity Commission 2011, Allan et al. 2013a).  
Risk management practice in the water sector is aligned with ISO 31000 (Standards 
Australia 2009) and AS/NZS 4360:2004 (Australian Standards 2003). Qualitative risk 
analysis, in the form of a risk register, and quantitative risk analysis, including quantitative 
microbial risk analysis and environmental risk analysis, are used to inform the 
development of water management plans, water quality management plans, health and 
environment management plans, health analysis and critical control point (HACCP) plans 
and risk-based asset management plans (Natural Resource Management Ministerial 
Council et al. 2006, Landers and Chapman 2011).  
Generic risk assessment and management guidelines, based on ISO 31000 and AS/NZS 
4360:2004, have been developed for application to integrated urban water management 
and alternative water sources (Blackmore and Plant 2007, Blackmore et al. 2008, Centre 
2010). The guidelines provide an overview of each step in the risk assessment process, in 
accordance with ISO 31000 and AS/NZS 4360:2004, though do not address specific risks 
to the long-term viability of alternative water schemes.  
An extensive volume of risk management guidelines have been developed for recycled 
water schemes, relating predominately to public health and environmental health risks 
(Institute for Sustainable Futures 2013c) The authoritative reference for the supply, use 
and regulation of recycled water schemes is the National Water Quality Management 
Strategy National Guidelines for Water Recycling: Managing Health and Environmental 
Risks (Natural Resource Management Ministerial Council et al. 2006) and the subsequent 
Australian Guidelines for Water Recycling: Managing Health and Environmental Risks 
(Phase 2) – Stormwater harvesting and reuse (Natural Resource Management Ministerial 
Council et al. 2009).  
The Guidelines consider the management of risks to human health and environmental 
health and are principled on hazard analysis, critical control points and quality assurance 
(Huxedurp et al. 2014). The Guidelines present a risk management framework comprising 
12 elements within four main categories: commitment to responsible use and management 
of recycled water; system analysis and management; supporting requirements; and review 
(Natural Resource Management Ministerial Council et al. 2006). While briefly addressing 
the need for community consultation and stakeholder engagement, the Guidelines are 
predominately focussed on technical, operational and management risks, with limited 
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consideration to the broader range of business risks which have the potential to impact the 
long-term viability of residential recycled water schemes.  
A stepwise manual was developed by Mukheibir and Mitchell (2011) for planning resilient 
water services under changing contextual conditions. The manual promotes the 
application of the political, environmental, social, technical, legal and economic (PESTLE) 
analysis for identifying influences on scheme objectives and for the construction of 
possible futures based on the range of significant trend influences that may impact the 
water service. The manual then recommends the assessment of preferred investment 
strategies under future trend scenario paths and the identification of measures for reducing 
impacts to scheme viability (Mukheibir and Mitchell 2011). In addition, the framework 
details a range of decision-making techniques including cost-benefit analysis, multi-criteria 
decision analysis, scenario analysis, probability analysis and real options analysis. While 
the framework provides an effective approach for addressing influences on scheme 
objectives, the framework is generic to water systems and does not address specific risks 
to alternative water schemes or provide guidance on developing measures for managing 
specific risks.    
Although attention to business risks has increased since the introduction of economic 
regulation, the tools for strategic risk management are poorly developed (Luis 2014). In the 
public water sector, strategic risk management is rarely informed by project and technical 
risk management, despite the interdependent nature of these risks (Luis et al. 2015). This 
has the potential to result in conflicting management approaches, where a technical risk, 
or risk management measure, may cause a strategic risk to arise. Allan et al. (2013a) 
highlight the limited attention that has been paid to the interplay between the risks 
associated with water utility actions and the measures adopted for managing such risks.  
Risks are dynamic and change with time, though the methods utilised for risk assessment 
are static, thereby representing a snap-shot in time. While the National Water Quality 
Management Strategy Guidelines recommends regular review and revision of risk 
assessments (Natural Resource Management Ministerial Council et al. 2006), there is a 
large body of evidence to suggest that insufficient attention has been provided to risks 
arising from shocks and changes in the contextual landscape of the urban water sector 
(Productivity Commission 2011, Allan et al. 2013a, Institute for Sustainable Futures 2013c, 
WSAA and IPA 2015).    
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In the case of recycled water schemes, Furlong et al. (2017) identified that there is a 
tendency for risks to be considered at an abstract level only and effectively ignored in the 
assessment and decision-making process. The authors emphasise the need for improved 
consideration of risk in the overall decision-making and option selection process for 
recycled water schemes (Furlong et al. 2017). This notion is supported by the Institute for 
Sustainable Futures (2013c) who state that ‘issues around uncertainty and risk go well 
beyond the technical realm, and need to be considered up-front in the planning stage to 
avoid unnecessary and inequitable costs and impacts’.  
An integrated approach to risk management is required; where project, operational and 
strategic risks are considered as interdependent, all major project stakeholders are 
involved in the risk assessment process and risk management practices are reviewed and 
revised throughout the project life-cycle. As stated by the Institute for Sustainable Futures 
(2013c), “considering uncertainties and risks more holistically can only improve the 
outcomes of recycling schemes”.  Evidently, there is a need to support water utilities in the 
development of a holistic approach to risk assessment and management for residential 
recycled water schemes.  
2.5  Integrated risk management 
In recent years, it has been noted that conventional risk management approaches are 
insufficient to adequately address and manage the complexity and magnitude of risks 
arising from rapid innovation and change (Klinke and Renn 2006, Assmuth et al. 2010). 
Numerous scholars have advocated for broader perspectives on the conceptualisation, 
assessment and management of risk that diverge from the traditional uniform approach of 
risk identification, analysis, evaluation and control (Hillson 2006, Assmuth et al. 2010, 
Klinke and Renn 2012, Luis et al. 2015, Aven 2016).  
An integrated approach to risk management has been proposed where risk is addressed 
across a range of organisational levels and stakeholders, and consideration is given to 
both opportunity and threat (Assmuth et al. 2010). Integrated approaches aim to combine 
scientific evidence with economic considerations, social concerns and societal values, by 
understanding the risk perceptions of project stakeholders (Aven 2016). By adopting an 
interdisciplinary approach to risk management, appropriate consideration to both ‘soft’ and 
‘hard’ risks may be enabled (Crawford and Pollack 2004, Klinke and Renn 2012). Hard 
risks are those which are quantifiable or can be easily quantified through traditional risk 
management approaches, including technical and financial risks. Alternatively, soft risks 
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are not easy to quantify, are intangible and typically comprise human and behavioural 
aspects (Crawford and Pollack 2004).  
Risk integration aims to account for fragmented knowledge, policy and actions by 
addressing the complexity and interrelated nature of multiple risks, rather than adopting a 
uniform approach of risk assessment and control (Assmuth et al. 2010). Although 
remaining aligned with ISO 31000 and AS/NZS 4360:2004, integrated risk management 
practice places additional emphasis on:  
• Clearly defined project objectives and performance measures which address the 
strategic vision of the organisation and the tactical project objectives (Hillson 2006, 
Samset and Volden 2016); 
• Support of the objectives across varying organisational levels and external 
stakeholders (MacGillivray et al. 2006);   
• Consideration to both risk perceptions and the historical impact of risks to ensure 
that the concerns of all stakeholders are adequately addressed (Klinke and Renn 
2012, Aven 2016);  
• Understanding the evolution of risks and the impact of a project risk, or risk 
management measure, on a strategic objective (Luis et al. 2015, 2016);  
• Addressing risk at an aggregated level (Klinke and Renn 2006); 
• Continuous and gradual learning and adjustment of risk management practices; and 
• Addressing risk within the collaborative decision-making process adopted by 
internal and external stakeholders (MacGillivray et al. 2006).  
Integrated risk management, and associated methods, have historically been underutilised 
in the water sector (Marsden Jacob Associates 2013, Urich and Rauch 2014a, Luis et al. 
2015), although, in recent years, the need to develop an integrated understanding of risks, 
and to adopt integrative risk governance, has been emphasised (Larson et al. 2009, Allan 
et al. 2013a, Institute for Sustainable Futures 2013c, Luis et al. 2015). 
2.6 Summary of research gaps 
From the literature review, four key findings pertaining to the evaluation of critical risk 
factors, in the context of residential recycled water schemes, may be deduced: 
1. There is a need to evaluate a broad range of risk factors; 
2. There is a need to research a medium to large sample of residential recycled water 
schemes;  
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3. Critical risk factors may be evaluated through a qualitative, quantitative or mixed 
method approach; and  
4. An integrated approach to risk assessment and management is required.  
In identifying a range of risk factors, the Institute for Sustainable Futures (2013c) 
recommend the use of the PESTLE framework for categorising risks and uncertainties 
based on political, environmental, social, technical, legal and economic (PESTLE) 
conditions (or a related variant of these risk sources). The World Economic Forum (2015) 
support the recommendation of the Institute for Sustainable Futures (2013c) by 
highlighting the importance of dissecting the range of project risks, identifying critical risk 
factors and developing an integrated approach to risk management. Aven and Renn 
(2010) address the concept of ‘systemic risks’ - risks that affect the systems on which 
society depends. Systemic risks intersect the natural, economic, social, technological and 
political environment of a project or system. Identifying and assessing systemic risks 
requires an integrated approach to risk management where information from different risk 
sources are aggregated and assimilated into decision-making practice and a strong focus 
is placed on knowledge building through transfer of experience and learnings (Aven and 
Renn 2010, Aven 2016).  
To define critical risk factors based on the historical performance of specific project types, 
residential recycled water schemes in the case of this research project, a medium to large 
sample of projects should be evaluated (Kunz et al. 2016). Reviewing a small subset of 
projects may result in the definition of context-specific factors, rather than the definition of 
critical risks which are applicable to the project set as a whole (Creswell et al. 2007).  
Dependent on the nature of the data and information available, risk evaluation may 
comprise qualitative, quantitative or mixed method approaches (Ostrom and Wilhelmsen 
2012). Numerous research studies and guidelines advocate the use of a traditional risk 
matrix for evaluating the likelihood and consequence of risks and for identifying critical risk 
factors (Blackmore et al. 2008, Institute for Sustainable Futures 2013c, Luis et al. 2015). 
Utilising a risk matrix approach enables risks to be assessed and reported in an industry-
standard manner and can be utilised in a qualitative, semi-quantitative or quantitative 
manner (Natural Resource Management Ministerial Council et al. 2006, Landers and 
Chapman 2011, Luis et al. 2015). 
Flyvbjerg (2006) advocates for a quantitative approach to project risk evaluation using the 
technique of reference class forecasting. Reference class forecasting takes an outside 
28 
 
  CHAPTER 2 
view of the project forecast, whereas conventional forecasting adopts an inside view. 
Rather than trying to forecast specific uncertain events that may affect a project, reference 
class forecasting places the project in a statistical distribution of outcomes from the class 
of reference projects (Flyvbjerg 2006). While reference class forecasting is a promising 
technique for assessing project risk, it is often challenging to obtain sufficient information 
on past projects to enable development of a statistically valid reference class. Due to the 
short operational period of residential recycled water schemes in Australia, it is unlikely 
that a statistically valid dataset could be developed. However, the investigation of a robust 
and comprehensive number of residential recycled water schemes would provide 
significant progress towards the development of a reference class forecast.  
To enable a broader understanding of risk, Aven (2016) recommends that data and 
information should be supplemented with expert knowledge where historical data is 
limited. While expert opinions are subjective, they nonetheless aid in supporting the risk 
assessment and management process (Aven 2016). Expert knowledge may be elicited 
through interviews, focus groups and/or survey questionnaires, and aggregated with 
historical information through varying methods dependent on the research design 
employed (Knol et al. 2010). Through careful collection and interpretation, expert opinion 
can make valuable contributions to the understanding of risk where data and resources 
are limited (Ayyub 2001).  
When developing risk management practices, an interdisciplinary approach that integrates 
different perspectives of risk, including physical and socio-cultural aspects, is required 
(Renn 2008b). As noted by the Government of Canada (2016), ‘integrated risk 
management promotes a continuous, proactive and systematic process to understand, 
manage and communicate risk from an organisation-wide perspective in a cohesive and 
consistent manner’. Underpinning the integrated risk management practices employed by 
the Government of Canada is the need to foster a risk-informed culture and capacity to 
fully realise performance improvements within each organisation (Government of Canada 
2016).  
The International Risk Governance Council has developed an integrated risk management 
framework which assimilates knowledge of the physical impacts of technologies, natural 
events, or human activities, with knowledge about the concerns that people associate with 
different risks (IRGC 2017). The framework comprises four key phases: pre-assessment, 
appraisal, tolerability and acceptability judgement and risk handling. The risk appraisal 
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component incorporates risk assessment and concern assessment, where concern 
assessment comprises consideration to risk perceptions, social concerns and socio-
economic impacts. Risk communication is a fundamental component in all four phases of 
the risk governance framework (IRGC 2017). The framework is designed to assimilate 
values and facts, while honouring the analytical distinctions between the factual and 
normative world (Renn 2008b). By doing so, the framework remains true to the analytical 
nature of the ‘hard’ science and engineering fields, in which risk management was derived, 
while incorporating key social science components.    
2.7 Conclusion 
Despite considerable research on recycled water schemes, few attempts have been made 
to define the complex array of risks to the long-term viability of residential recycled water 
schemes (Kunz et al. 2016). Research to date has focussed on discrete risk factors, single 
case studies of recycled water schemes and broad review of risk factors. Focussed 
research on residential recycled water schemes is required to develop a comprehensive 
understanding of the range of risks to the long-term viability of schemes. The definition of 
critical risk factors should encompass technical risk assessment, based on historical 
investigation, and concern assessment, considering the risk perceptions and concerns of 
scheme stakeholders and society. Through the definition of critical risk factors, targeted 
risk management measures may be developed and implemented at the front-end phase of 
scheme assessment and planning. An integrated approach to risk management, guided by 
the rigor and specificity of the technical and natural science risk practice and inspired by 
the richness and plurality of the economic, psychological and social science risk practice, 
will significantly aid in enhancing the long-term viability of residential recycled water 
schemes.  
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CHAPTER 3: RESEARCH OBJECTIVES AND METHODOLOGY 
3.1 Research objectives  
The overarching aim of this thesis is to establish an integrated project assessment 
framework that incorporates critical risks to the long-term viability of residential recycled 
water schemes. The framework provides a step-by-step process for the development and 
implementation of risk management practices at the front-end phase of scheme 
assessment and planning. Specifically, the objectives of the research project are to:  
Objective 1:  Identify and characterise the range of risks to the long-term viability of 
residential recycled water schemes and define critical risk factors on the 
basis of historical occurrence  
Rationale: Despite considerable research on recycled water schemes, few attempts 
have been made to explicitly define the complex array of drivers against 
recycled water (Kunz et al. 2016). Residential recycled water schemes have 
been in operation in Australia for over 20 years, however the review of 
scheme performance has focussed predominately on single case studies 
only. Through investigation of a larger sample of case studies, critical risk 
factors may be defined.  
Objective 2: Complement and validate the definition of critical risk factors through the 
elicitation of expert opinion  
Rationale:  Where historical data is limited, available information should be 
supplemented with expert knowledge to enable a broader understanding of 
risk (Knol et al. 2010, Aven 2016). Through the examination of evidence 
from different sources, a coherent justification of critical risk factors may be 
enabled. Combining technical risk assessment with concern assessment, 
through the elicitation of expert opinion, perceptions and value, an 
integrated understanding of critical risk factors may be achieved. Definition 
of critical risks to the long-term viability of residential recycled water 
schemes is necessary to prioritise risk management practices.  
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Objective 3:  Develop an integrated project assessment and risk management framework 
for residential recycled water schemes  
Rationale:  There is a tendency for risks to be considered at an abstract level only and 
effectively ignored in the assessment and planning of recycled water 
schemes (Furlong et al. 2017). If residential recycled water schemes are to 
play a successful role in urban water service provision going forward, 
improved risk management practices are required to be implemented at the 
front-end phase of a project (Institute for Sustainable Futures 2013c). To 
support water utilities in adopting improved risk management practices, a 
project assessment framework is required which incorporates critical risk 
factors in an integrated manner.   
3.2 Research Methodology 
The type and validity of knowledge claims from a research study depends on the 
theoretical framework and research paradigm that the research methodology is based on. 
There are many different views on research paradigms, and an extensive and long-
spanning body of relevant literature pertaining to various research paradigms. While an 
extensive body of literature has been reviewed, the following sections are predominately 
based on Creswell (2014), Nastasi et al. (2010), Tashakkori and Teddlie (1998), Biesta 
(2010) and Creswell and Plano Clark (2011).    
3.2.1 Research paradigm  
3.2.1.1 Introduction to research paradigms 
A research paradigm may be viewed as a set beliefs that represent a worldview (Guba and 
Lincoln 1994); where those beliefs are distinguished by how researchers make claims 
about what knowledge is (ontology) and how researchers obtain knowledge 
(epistemology) (Creswell 2014). Those beliefs are thought to influence the methodology 
adopted by the researcher in a research study (Creswell 2014).  
Creswell (2014) states that there are four major paradigms discussed in the literature: 
postpositivism, constructivism, transformative and pragmatism. Science research has 
traditionally adopted a postpositivist paradigm where quantitative methods are used to 
reduce ideas into small, discrete sets for hypotheses testing and theory verification 
(Creswell 2014). Postpositivists hold a deterministic philosophy of cause and effect, where 
objectivity is an essential aspect of competent inquiry. At the opposite end of the spectrum 
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is the constructivist worldview which is the formative paradigm of social research. A 
constructivist uses qualitative research methods to develop a subjective understanding of 
a participant’s views and experiences. Rather than trying to reduce ideas, as is the 
approach adopted by postpositivists, constructivists aim to address the complexity of 
views. Constructivists place emphasis on the contextual nature of the research by aiming 
to understand the historical and social construction of a participant’s views. Interpretation 
of those views is also shaped by the researcher’s own experience and background.  
The transformative worldview is focussed on marginalised individuals or issues of power 
and social justice, discrimination and oppression (Creswell 2014). The transformative 
worldview suggests that power and privilege will influence the research focus, and that, by 
addressing the complexities of research in culturally complex settings, a basis for social 
change may be developed (Mertens 2007). 
Taking an alternative stance, a pragmatist worldview does not commit to any one system 
of philosophy or reality (Creswell 2014). Pragmatism believes that ‘truth is what works at 
the time’ (Creswell 2014) where the focus is on providing useful knowledge rather than 
‘true knowledge’ (Kvale 2007) and research is oriented towards solving practical problems 
in the ‘real world’ (Feilzer 2010). John Dewey, a primary figure of the pragmatist 
philosophy, reoriented philosophy away from abstract concerns, instead placing an 
emphasis on human experience (Dewey (1925) in Morgan (2014)). As stated by Talisse et 
al. (2008), ‘pragmatism is essentially the imperative to keep open the way of inquiry both 
by clearing away meaningless concepts and by subjecting our meaningful claims to the 
test of proper inquiry’. 
Both the transformative and pragmatism worldview may adopt a mixed method approach, 
where qualitative and quantitative research methods are utilised to address the research 
questions. In transformative studies, a researcher may choose the research approach, 
though there should be an interactive link between the researcher and the participants 
regardless of the research method adopted (Mertens 2007).  
In pragmatist studies, a combination of facts and meanings are used to seek convergence 
or divergence of research outcomes (Tashakkori and Teddlie 1998, Creswell 2014). The 
researcher may adopt an outside, objective approach - where the quantitative component 
of the study dominates - or an inside, subjective view - where the qualitative component of 
the study dominates (Tebes 2012, Creswell 2014). 
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3.2.1.2 Justification of research paradigm  
To justify the research paradigm applied to this study, and the subsequent methodology 
adopted, it is important to return to the research questions and the objective that the 
researcher set out to achieve. Fundamentally, the objective of the research was to develop 
a project assessment framework for residential recycled water schemes that incorporates 
critical risks to the long-term viability of schemes. In accordance with Newman et al. (2003) 
nine categories of research purpose, the purpose of this research study was two-fold: 1. to 
add to the knowledge base and 2. to have an organisational impact. As such, in 
developing the research methodology, two key criteria were addressed: 
1. utilise all available information to develop an improved understanding of the critical 
risks to the long-term viability of residential recycled water schemes; and 
2. in collaboration with expert practitioners, develop an industry relevant, practical 
outcome which will have a positive organisational impact.  
Through the definition of critical risk factors, the intention was not to obtain an absolute 
and static determination of critical risks. Risks are dynamic and change with time and 
context, therefore the absolute determination of critical risk factors is not feasible. 
However, the reduction of an extensive list of risks to a shorter, more manageable list of 
critical risk factors is possible based on historically informed knowledge. Historically 
informed knowledge may be developed through facts and numbers of scheme 
performance, or through the experience of practitioners directly involved in the 
development and implementation of residential recycled water schemes. The nature of the 
risk knowledge being sought is the construction of critical risk factors, where there is 
relative consensus among those competent, but there is also recognition that these 
constructions are subject to on-going revision.  
3.2.1.3 Theoretical perspective 
The choice of the research methodology adopted in this study was driven by the research 
questions. Practical outcomes and real effects were considered to be vital components of 
the study – a pragmatist theoretical perspective or epistemology (Nastasi et al. 2010). 
Philosophical pragmatism is focussed on providing useful knowledge rather than 
producing ‘true knowledge’ (Kvale 2007), where research is oriented towards solving 
practical problems in the ‘real world’ (Feilzer 2010).  
A quantitative dimension was required to reduce the long-list of risk factors to a more 
manageable, short-list of critical factors. Additionally, a qualitative dimension was required 
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to gather practitioner’s perspectives at each stage of the research process and to ensure 
that the contextual nature of the critical risk factors was appropriately understood and 
interpreted. As such, an embedded mixed method approach was adopted in this study. 
Creswell (2014) states that ‘a mixed methods study involves the collection or analysis of 
both quantitative and/or qualitative data in a single study in which the data are collected 
concurrently or sequentially, are given a priority, and involve the integration of the data at 
one or more stages in the process of research’. An embedded mixed methods design 
involves the incorporation of quantitative and qualitative data within the larger design, 
where the data sources play a supporting role in the overall research design. For the 
qualitative component of the research study, an inside strategy was adopted where the 
researcher has been democratically involved and has attempted to obtain the input of all 
voices relevant to the research study (Mertens 2007, Nastasi et al. 2010, Creswell 2014). 
A constructivist paradigm suggests that, as all human knowledge is subjective, 
generalisations are not able to be made from qualitative research, and that the 
transferability of research findings is applicable only to individuals or cases which are the 
same as that under study (Creswell 2014). However, pragmatism proposes that all 
research is contextual. Experience represents a by-product of one’s transactions with the 
environment (Biesta 2010), where knowledge emerges out of those transactions by 
informing subsequent, more effective, and more purposeful action (Tebes 2012). As stated 
by Biesta (2010) ‘knowledge from one situation transfers to another situation by guiding 
our observation and perception and suggesting possible ways for resolving problems, for 
finding ways forward. Whether these possibilities will address the specific problems in the 
specific new transactional situation can be discovered only when we act’.  
The critical risk factors presented in this study have been defined on the basis of 
knowledge consensus, while project risk management measures have been proposed on 
the basis of practitioner experience. While future schemes may be developed under 
different transactional and contextual conditions, thereby potentially being subject to a 
different set of critical risk factors, the knowledge gained historically may still be 
transferable to future schemes through the suggestion of possible ways of resolving 
problems and findings ways forward (Biesta 2010).   
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3.2.2 Research design and methods 
The research design and methods adopted in this research study are summarised in the 
following sections and illustrated in Figure 3-1. A detailed description of the data collection 
and analysis process for each objective is provided in Chapters 4, 5 and 6. 
3.2.2.1 Overarching research design 
An embedded, mixed method approach to data collection and analysis was adopted in this 
research study and comprised a top-down, deductive component and a bottom-up, 
inductive component. The top-down, deductive component comprised the identification 
and characterisation of the range of risks and the definition of critical risk factors. The 
bottom-up, inductive component comprised the proposal of project risk management 
measures aimed at addressing the critical risk factors during the project assessment 
phase.  
3.2.2.2 Research methods and data sources 
The deductive component of the research study involved an exploratory analysis, historical 
analysis and an expert opinion analysis. The exploratory analysis comprised a detailed 
literature review and exploratory interviews with 17 practitioners who had direct 
involvement in the assessment, planning, construction, operation and/or management of a 
residential recycled water scheme. The literature review and exploratory interviews 
enabled the identification of residential recycled water schemes which have been 
implemented to date in Australia and the identification and characterisation of the range of 
risk factors which have been observed in historical schemes (Objective 1).  
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Figure 3-1: Research design  
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Multiple data sources were utilised to define critical risk factors on the basis of historical 
performance (Objective 1). The data sources included qualitative reports, quantitative 
datasets and in-depth interviews with scheme practitioners. The in-depth interviews were 
conducted with eight personnel, representing nine schemes, who had direct involvement in 
all stages of the development and implementation of a residential recycled water scheme, 
or multiple residential recycled water schemes. In total, detailed information was collected 
for 21 residential recycled water schemes. Schemes which are delayed in commissioning 
or prematurely decommissioned are often not reported, and hence, the total number of 
schemes is unknown. However, the 21 schemes researched for Objective 1 encompass all 
known schemes.  
A national survey questionnaire of expert practitioners was then utilised to collect 
complementary information and enable verification of the critical risk factors through 
triangulation (Objective 2). A total of 88 expert practitioners participated in the survey 
questionnaire at a national level. The national survey questionnaire was also conducted to 
enable an understanding of the range of stakeholder opinions relating to critical risk 
factors. This was important to aid the development of a project risk management 
framework which would encompass multiple stakeholder opinions, concerns and values.    
The inductive component of the research study utilised multiple data sources to propose a 
project assessment and risk management framework for residential recycled water 
schemes (Objective 3). The data sources included qualitative case study reports and in-
depth interviews with scheme practitioners. The in-depth interviews were conducted with 
eight personnel, representing nine schemes, who had direct involvement in all stages of 
the development and implementation of a residential recycled water scheme, or multiple 
residential recycled water schemes. In total, detailed information on project risk 
management measures was collected for 17 residential recycled water schemes.   
3.2.2.3 Research participants 
The theoretical perspective applied to the research study promotes the utilisation of expert 
knowledge and experience to develop practical, real world outcomes. As such, purposive 
sampling was undertaken in each phase of the study. Information-rich experts, covering a 
range of variation at the national level, were selected for participation. While attempts were 
made to achieve sample saturation, ethical and time constraints prohibited saturation of 
the in-depth interviews. This limitation was addressed through the conductance of the 
national survey questionnaire to enable triangulation, and through member checking and 
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peer review to enable refinement and verification of the proposed project assessment and 
risk management framework.  
To ensure consistency throughout the research process, the participating organisations 
were involved from the onset and throughout the duration of the research study. The in-
depth interviews were conducted with practitioners who participated in the exploratory 
interviews, with scheme specific data provided by the research participants at each phase 
of the project. The review process conducted for Objective 3, was attended by 
practitioners from the same organisation, though were independent of the practitioners 
who participated in the in-depth interviews (excepting one). This enabled the verification of 
the research findings by practitioners who were mutually exclusive to those practitioners 
who provided the research data, though had similar expertise.  
3.2.2.4 Ethical considerations 
The study adheres to the Guidelines of the ethical review process of The University of 
Queensland and the National Statement on Ethical Conduct in Human Research. Approval 
was granted by the study participants and the organisational gatekeeper prior to 
conductance of the case study research. In accordance with the project information 
provided to each study participant, both the participant and the residential recycled water 
scheme case study have remained anonymous throughout this thesis.  
3.2.2.5 Data analysis and reporting 
The overarching objective of a mixed method approach is to utilise both qualitative and 
quantitative data to form themes, to come to a consensus (or lack thereof) of themes and 
to ultimately develop a richer understanding of the study phenomenon. While adopting a 
mixed method design, it is important that reporting of the qualitative and quantitative 
methods is undertaken in a manner which is consistent with the codes of reporting linked 
with both the quantitative and qualitative inquiry. As such, the quantitative results have 
been presented using formal, objective language, with statistical analysis applied to the 
survey questionnaire dataset. In each component, however, a rich discussion addressing 
the contextual nature of the findings has been presented. In the final phase of the project, 
a qualitative narrative approach was adopted in the presentation of the integrated project 
assessment and risk management framework. Ostrom and Wilhelmsen (2012) recommend 
a narrative approach for developing risk management frameworks as it enables the 
dissemination and comparison of expert knowledge and experience. A narrative account is 
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valid when adopting a mixed method approach as multiple forms of evidence are utilised to 
form, and present, major and minor themes (Creswell and Miller 2000).  
3.2.2.6 Research validity and reliability 
Proper inquiry, or inference quality, is dependent on the validity and reliability of the 
research outcomes (Adams et al. 2007, Creswell and Plano Clark 2011). In this research 
study, triangulation and member checking have been used to test the validity and reliability 
of the research outcomes. Triangulation comprises the utilisation of different data sources, 
investigators, theories and/or methodologies to build coherent justification for themes 
(Creswell and Plano Clark 2011). If themes are able to be established from the 
convergence of multiple data sources, the process of triangulation can be claimed as 
adding to the validity of the study. Through the utilisation of data from the national survey 
questionnaire, interviews and document analysis, data and method triangulation has been 
achieved. Additionally, theory triangulation has been achieved through the continuous 
process of testing findings against relevant literature; and investigator triangulation has 
been achieved through the involvement of the researcher, advisors, expert practitioners 
and peer reviewers throughout the duration of the research study.  
Research validation was also achieved through member checking and peer review. 
Member checking was adopted for the exploratory interviews, in-depth interviews and the 
peer review process implemented for Objective 3. Member checking is the process of 
taking data and interpretations back to the study participants in order to confirm the 
credibility of the information and narrative account (Creswell and Miller 2000). Practitioner 
review was utilised to verify the identification and characterisation of risk factors prior to 
incorporation in the national survey questionnaire. A review process comprising 11 expert 
practitioners was conducted during the final phase of the research project to review and 
refine the research outcomes pertaining to integrated project assessment and risk 
management practices. Finally, the integrated project risk management framework was 
peer reviewed by two independent expert practitioners with residential recycled water 
scheme experience.    
3.3 Conclusion   
The overarching aim of this thesis is to present an integrated project assessment 
framework that incorporates critical risks to the long-term viability of residential recycled 
water schemes. As such, practical outcomes and real effects were considered to be vital 
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components of the study – a pragmatist epistemology (Nastasi et al. 2010). A case study 
and practitioner-oriented research approach has been adopted where the historical 
investigation of residential recycled water schemes, combined with the elicitation of expert 
opinion, enabled the definition of critical risk factors. For each critical risk factor, purposeful 
risk management practices have been derived from practitioner experience, triangulated 
with project and risk management scholarship and validated through practitioner peer 
review. The risk management practices have formed the basis of an integrated project 
assessment and risk management framework for residential recycled water schemes.  
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CHAPTER 4: WHY DO RESIDENTIAL RECYCLED WATER SCHEMES 
FAIL?  
Abstract 
In Australia, recycled water schemes have been implemented in residential developments 
to contribute to sustainable urban development, improve water supply security and reduce 
pollutant discharges to the environment. A proportion of these schemes, however, have 
been decommissioned well before the end of their design life which raises questions as to 
the adequacy of the risk assessment and management practices adopted for recycled 
water schemes. A detailed literature review, investigation of 21 residential recycled water 
schemes and in-depth interviews with nine scheme stakeholders revealed 34 risk factors 
with the potential to impact the long-term viability of residential recycled water schemes. Of 
the 34 risk factors identified, 17 were reported to have occurred during the development 
and implementation of the 21 schemes investigated. The overall risk rating of the 17 
factors was semi-quantitatively defined on the basis of the likelihood of occurrence and the 
impact of the risk factors on the scheme objectives. The outcomes of the assessment 
indicate that the critical risks to the long-term viability of residential recycled water 
schemes are 1. unanticipated operational costs, 2. legal and contractual arrangements, 3. 
regulatory requirements and approval process and 4. customer complaints and 
expectations not met. To date, public health risks associated with the provision of recycled 
water have been of primary concern, though the outcomes of this study indicate that the 
impact to public health has been low. Evidently there is a need for improved assessment 
and management practices which address the range of critical risk factors, in addition to 
the well-established consideration of public health risks.   
4.1 Introduction 
The provision of water and wastewater services in Australia has changed significantly over 
the past two decades in response to water supply security concerns, environmental 
degradation and a drive to facilitate sustainable urban development (Marlow et al. 2013). 
Since the first residential recycled water scheme was implemented in the Rouse Hill 
development, Sydney, New South Wales, in 1994 (Law 1996), numerous schemes have 
been developed including Mawson Lakes residential recycled water scheme in South 
Australia (Leonard et al. 2013) and Pimpama Coomera residential recycled water scheme 
in Queensland (Davis and Farrelly 2009).  
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In Melbourne, Victoria, water utilities have the authority to mandate dual piping in areas 
where additional water supply is required, as has been undertaken for the Fishermans 
Bend Urban Renewal Area in Melbourne’s inner city region (South East Water 2015) and 
Greenvale and Beveridge in north Melbourne (Yarra Valley Water 2015). In New South 
Wales, City of Sydney is continuing to implement the Sydney Decentralised Water Master 
Plan with the support of private water utilities that are progressing sustainable urban 
development in the region (City of Sydney 2012).  
While residential recycled water schemes have become an important component of the 
water supply portfolio in Victoria and New South Wales, in other states of Australia, 
specifically Queensland, the prudency of such schemes has been questioned (Taylor et al. 
2011, Dandy et al. 2013). Public health risks of residential recycled water schemes have 
been of primary concern, while the high cost of construction and operation of residential 
recycled water schemes has become evident, particularly since the provision of 
Government grants has declined (Marsden Jacob Associates 2013). As a result, 
residential recycled water schemes have been prematurely decommissioned and the 
business case for schemes has not been approved in some cases (Mukheibir et al. 2015).  
During the Millennium Drought (1997 to 2010) when several residential recycled water 
schemes were in development, a plethora of studies were undertaken to investigate risk 
perceptions and the potential impacts of residential recycled water schemes. The 
perceptions of risk focused predominately on public health (Cook et al. 2008), community 
acceptance (Hurlimann 2007) and financial viability (ACIL Tasman 2005). In addition, 
numerous case study investigations were undertaken to provide detail on the development 
process and the successes and challenges of residential recycled water schemes 
(Chapman 2006, Goddard 2006, Davis and Farrelly 2009, Farrelly and Davis 2009a, b).  
While this body of work provided vital information to support scheme development during 
the Millennium Drought, the contextual environment of residential recycled water schemes 
has since changed. In addition to climatic (physical) changes, the political and regulatory, 
social, financial and economic and legal and contractual environment of schemes has 
diverged since the height of the Millennium Drought (Institute for Sustainable Futures 
2013c). Few studies have been undertaken to assess current risk factors or to document 
the impact of risk factors, with the exception of work undertaken by the Institute for 
Sustainable Futures (Institute for Sustainable Futures 2013c). In a review of eight recycled 
water schemes, the Institute for Sustainable Futures identified that changes in the 
43 
 
  CHAPTER 4 
contextual landscape of a scheme may bring about significant risk and uncertainty which 
has not been adequately addressed to date. The authors suggest that a thorough 
consideration of risks is required to facilitate improved decision-making and the equitable 
allocation of risks, costs and benefits between stakeholders (Institute for Sustainable 
Futures 2013c).  
In order to improve the long-term viability of residential recycled water schemes, it is 
essential that learnings from schemes are disseminated and that, to the extent possible, 
information required to assess the likelihood of occurrence of risk factors and the 
associated impact on objectives is made available (Marsden Jacob Associates 2013). The 
development of a comprehensive and holistic understanding of risks will enable effective 
risk management approaches to be identified and implemented throughout the life-cycle of 
a scheme (Institute for Sustainable Futures 2013d).  
Consequently, this chapter aims to comprehensively identify and characterize risks to the 
long-term viability of residential recycled water schemes. Through investigation of 
residential recycled water schemes implemented to date in Australia, the impact of risk 
factors on the objectives of schemes have been assessed and the critical risk factors 
defined. The research outcomes further highlight the deviation between the risk factors 
which have gained attention to date, predominately public health risk, and those factors 
which are negatively impacting residential recycled water schemes.  
4.2 Materials and methods 
A semi-quantitative risk assessment was undertaken in accordance with the Australian 
and International risk management standard, ISO 31000:2009 (Standards Australia 2009), 
in order to ensure a consistent and industry standard approach to identifying and 
characterizing the risk factors and their associated likelihood and impact on the long-term 
viability of residential recycled water schemes. The assessment was undertaken in two 
phases: 1. identification and characterization of risk factors and 2. specification of critical 
risk factors.  
4.2.1 Identification and characterisation of risk factors 
An exploratory approach, comprising discussions with experienced personnel and detailed 
literature review, was utilised for the identification and characterization of risks to the long-
term viability of residential recycled water schemes. For the purpose of this study, 
residential recycled water scheme is defined as: the application of dual piping for the 
supply of treated stormwater, greywater and/or wastewater for non-potable residential use 
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comprising toilet flushing, cold washing machine, garden watering and/or other outdoor 
use. 
Exploratory discussions with 17 personnel who had been involved in the development 
and/or implementation of a residential recycled water scheme were conducted in order to 
generate a list of residential recycled water schemes for further analysis and an extensive 
and comprehensive list of the risks to the long-term viability of residential recycled water 
schemes. The experienced personnel represented water utilities, urban developers, local 
government agencies and consultants. The discussions enabled the development of a 
long-list of risk factors which was refined on the basis of information gathered through a 
detailed literature review. The literature review was undertaken to ensure that the risk 
factors were accurately defined and to refine the long-list of factors to a short-list which 
effectively addressed all risk factors initially identified. The literature review also enabled 
the identification of additional residential recycled water schemes which had not been 
identified through the exploratory discussions with experienced personnel. The reviewed 
literature is listed in the Appendix B. 
4.2.2 Specification of critical risk factors 
In order to define critical risks to the long-term viability of residential recycled water 
schemes, in-depth interviews were conducted with scheme stakeholders and a case study 
literature review was undertaken. The collated information was analysed in accordance 
with the ISO 31000:2009 (Standards Australia 2009) in order to specify the critical risk 
factors.    
4.2.2.1 In-depth interviews 
The stakeholders of each residential recycled water scheme identified in phase 1 of the 
study were contacted to ascertain their ability and/or willingness to participate in an in-
depth interview. Consented interviews were conducted with eight stakeholders 
representing nine residential recycled water schemes. The stakeholders were affiliated 
with public water utilities, private water utilities and local government agencies. The in-
depth interviews were conducted to gather information pertaining to each residential 
recycled water scheme as follows: 
1. Objective/s of the residential recycled water scheme – where available the business 
case for the scheme was reviewed; 
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2. Risk factor occurrence – the short-list of risk factors developed in phase 1 was 
addressed with respect to the residential recycled water scheme and the relevant 
risk factors were documented; 
3. Risk factor impact – the impact of each risk factor on the objectives of the 
residential recycled water scheme was defined either qualitatively or quantitatively. 
If qualitatively addressed, a linguistic description of the impact was provided by the 
scheme stakeholder i.e. low, medium, high. Where available, historical data, 
including water supply rates, energy usage and financial information, were provided 
to enable the quantitative definition of the impact of the risk factor.  
4.2.2.2 Case study literature review 
Information pertaining specifically to each residential recycled water scheme was gathered 
from five sources: 1. grey literature, 2. academic papers, 3. research reports, 4. 
government websites and 5. newspaper articles. The literature was reviewed for reference 
to each of the risk factors and to the impact of specific risk factors on scheme objectives. 
Table B1, Appendix B, lists the case study literature reviewed.  
4.2.3 Risk analysis 
The information obtained from the in-depth interviews and the case study literature review 
was collated to enable the definition of the likelihood of occurrence of each risk factor, the 
impact of the risk factor on the objectives of the residential recycled water scheme and the 
overall risk rating of each factor.  
4.2.3.1 Likelihood of occurrence of risk factors 
The likelihood of occurrence of each risk factor was calculated as follows: 
1. The occurrence of each risk factor was documented for each scheme (1 = present, 
0 = absent), and the total number of occurrences of each risk factor was counted; 
2. The percentage occurrence of each risk factor was calculated by dividing the total 
number of occurrences of each risk factor by the total number of schemes; and 
3. The percentage occurrence of each risk factor was referenced to the definition of 
likelihood of occurrence, as specified in Table 4-1, to obtain a rating for the 
likelihood of occurrence from 1 = rare (<10%), 2 = unlikely (10 – 20%), 3 = possible 
(20 – 40%), 4 = likely (40 – 60%) or 5 = almost certain (>60%). 
4.2.3.2 Impact of risk factors on objectives 
The impact of each risk factor on each objective was calculated as follows: 
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1. For each risk factor reported for each scheme, the objective/s impacted by the risk 
factor was identified and an impact score was defined on the basis of the definitions 
specified in Table 4-1. For example, the impact to the recycled water supply target 
of a scheme, as a result of a delay in the regulatory approval process, was defined 
on the basis of the variance between the forecast and actual water supply rates of 
the scheme;  
2. For each scheme, the impact all risk factors on each objective was rated as follows: 
• Where the impact score was qualitatively defined, the maximum impact score for 
the objective was retained e.g. if an impact to customer satisfaction occurred as 
a result of two risk factors, one with a low impact rating (score of 2) and one with 
a moderate impact rating (score of 3), the overall impact to customer satisfaction 
was rated as moderate (score of 3); or 
• Where the impact score was quantitatively defined, the impact score for the 
objective was calculated on the basis of the total impact to the objective e.g. if 
an impact to capital costs occurred as a result of two risk factors, both with a low 
impact rating (score of 2) on the basis of the increase in capital costs ($4M of 
$50M additional capital cost as a result of risk factor 1 and $9M of $50M 
additional capital cost as a result of risk factor 2), the overall impact to capital 
cost was defined as moderate (score of 3) on the basis of the total impact to 
capital costs ($13M of $50M additional capital cost as a result of risk factor 1 
and 2);  
3. The impact score for each objective was summed for all schemes and divided by 
the total number of schemes in which the impact was reported in order to obtain an 
average impact score for each objective; and 
4. For each risk factor, the impact score for each objective impacted by the risk factor 
was summed and divided by the total number of objectives impacted in order to 
obtain an average impact score for each risk factor. 
4.2.3.3 Evaluation and ranking of risk factors 
The overall rating of each risk factor was quantitatively defined as: 
Risk rating = likelihood of occurrence x average impact score    
where the likelihood of occurrence, derived as detailed in step 3 above, and the average 
impact factor, derived as detailed in step 7 above, were rated from 1 to 5.  
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The quantitative risk rating was rounded to the nearest integer and referenced to a 
linguistic rating, as defined in Table 4-1, where a rating of 1 to 3 = very low risk, 4 to 6 = 
low risk, 7 to 9 = medium risk, 10 to 12 = high risk and 13 to 25 = very high risk. The 
factors rated as medium to very high risk were defined as critical risk factors.  
Table 4-1: Risk matrix for residential recycled water schemes (developed through detailed 
literature review and stakeholder interviews) 
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4.3 Results 
4.3.1 Risk factors specific to residential recycled water schemes 
Risk factors with the potential to impact the long-term viability of residential recycled water 
schemes were found to arise from six risk sources: physical, social, political and 
regulatory, implementation and operation, financial and economic and legal and 
contractual. A total of 34 risk factors were identified and are defined in Table 4-2. 
Table 4-2: Risk factors with potential to impact the long-term viability of residential 
recycled water schemes 
No. Risk factor Definition 
Physical risk source   
1 Change in catchment 
characteristics 
Change in catchment size, land use, drainage 
pathways etc. resulting in change in quantity and/or 
quality of influent water to treatment plant 
2 Climate change/climate 
variability 
Impacts to influent water quality and quantity and/or 
impacts to treatment infrastructure due to flooding, 
rising or declining groundwater levels/quality, reduced 
or increased stormwater quantity and quality, variable 
temperatures etc. 
Social risk source   
3 Community risk perception Public risk perception resulting in delayed scheme 
commissioning or reduction in non-potable water use 
4 Customer complaints Water quality concerns, aesthetic concerns and/or 
price concerns resulting in customer complaints 
5 Customer expectations not 
met 
Inability to deliver recycled water scheme to the 
standard, or within the required timeframe, expected 
by customers 
6 Equity of access Residential recycled water schemes are deemed to be 
inequitable as only a portion of the community is 
serviced 
Political and regulatory risk source 
7 Change in Government Change in Government and/or Government agenda 
resulting in reduced support for recycled water 
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No. Risk factor Definition 
schemes 
8 Regulatory requirements Overly onerous regulatory requirements or inhibitory 
policy due to perceived risks associated with recycled 
water schemes (includes change in regulation) 
9 Approval process Poorly defined regulatory requirements and/or lengthy 
approval process with subsequent challenges to 
implementation of recycled water schemes 
10 Regulatory pricing policy Regulatory pricing policies limit viable innovation and 
viable competition with conventional infrastructure 
Implementation and operation risk source 
11 Optimism bias Selection of recycled water scheme is based on 
stakeholder opinion rather than sound assessment 
processes 
12 Organisational risk 
perception 
Organisational decisions regarding recycled water 
schemes are based on perceived risks rather than true 
risks 
13 Organisational change Organisational change resulting in reduced support or 
guidance/leadership for recycled water scheme 
14 Assessment and design 
error 
Assessment and design methodology is unsatisfactory, 
consultant lacks experience, "corner cutting" to reduce 
time requirements, uncertainty not considered etc. 
15 Construction error Construction challenges/errors resulting from lack of 
qualification, experience and/or poor performance 
16 Technology risk Adopted technology is not mature or able to deliver 
output specifications reliably 
17 Fall in demand A decline in water demand as a result of climate 
variability, economic decline, demographic changes, 
water price, risk perception, technological innovation 
etc. 
18 Asset condition 
uncertainty 
Uncertainty regarding the lifespan of technical 
components as a result of lack of information, 
immature technology or lack of experience 
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No. Risk factor Definition 
19 Operation error Poor operational performance resulting from lack of 
qualification, experience and/or motivation 
20 Management and 
maintenance error 
Recycled water scheme is poorly managed and 
maintained resulting in technical component failure 
21 Impacts to conventional 
infrastructure 
Recycled water scheme results in impacts to 
conventional infrastructure (i.e. sewer network 
blockages) and subsequent increase in operational 
costs 
22 Environmental health risk - 
compliance related 
Unintended discharge from recycled water scheme 
resulting in environmental health risk 
23 Environmental value risk - 
stormwater related 
Unintended risk of recycled water scheme on 
environmental values i.e. hydrological/hydrogeological 
characteristics 
24 Environmental value risk - 
greywater/wastewater 
related 
Unintended risk of recycled water scheme on 
environmental values i.e. greenhouse gas emissions 
25 Public health risk Poor treatment, incorrect use, cross-connection etc. 
resulting in public health risk 
26 Perceived benefits do not 
materialise 
Perceived environmental, social and/or financial 
benefits do not materialise or are difficult to measure 
Financial and economic risk source 
27 Inability to demonstrate 
incontestable business 
case 
Economic viability of recycled water scheme is unable 
to be proven 
28 Unanticipated capital costs Poor understanding of capital costs at the assessment 
stage due to lack of information, lack of experience or 
change in contextual environment of scheme 
29 Reduction in developer 
charges 
Reduction in developer charges resulting in reduced 
revenue 
30 Reduction in non-potable 
water price 
Reduction in non-potable water price resulting in 
reduced revenue 
31 Unanticipated operational Poor understanding of operational costs at the 
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No. Risk factor Definition 
costs assessment stage due to lack of information, lack of 
experience or change in contextual environment of 
scheme 
Legal and contractual risk source 
32 Inability to agree on 
contractual terms 
Lack of agreeance on contractual terms, or inability to 
contract a long-term owner and operator 
33 Poorly defined contractual 
arrangements 
Poorly defined contractual arrangements including risk 
allocation mechanism, financial arrangements, 
commitment of partners etc. 
34 Conflict between 
stakeholders 
Strained relationships with impacts to recycled water 
scheme implementation and operation 
 
The risk factors were found to occur at varying stages of development and implementation 
of a residential recycled water scheme, as illustrated in Figure 4-1. The risk factors and 
sources exhibit strong and complex interactions where one risk factor may influence 
another, potentially resulting in feedback loops and delay between risk occurrence and 
impact on objective. For example, an error occurring in the construction stage may result 
in an impact to public health in the operational stage, which may in turn influence 
regulatory requirements for future residential recycled water schemes. Of the identified risk 
factors, those arising from political and regulatory sources have the potential to impact the 
long-term viability of a residential recycled water scheme at any stage of development and 
implementation. It should be noted that, while the risk factors addressed in this paper are 
discussed in a negative manner, some risk factors may be either negative or positive 
depending on the specifics of the risk factor and the resulting impact on objectives.  
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Figure 4-1: Risk factors at each stage of a residential recycled water scheme 
4.3.2 Critical risk factors 
4.3.2.1 Status and objectives of residential recycled water schemes 
A total of 21 residential recycled water schemes were identified and reviewed, as listed in 
Table 4-3. The design number of dwellings to be serviced by the schemes ranged from 30 
to 65,000. Majority of the schemes are, or are planned to be, owned by water utilities, 
though two are owned and managed by a corporation of residents (body corporate).  
Figure 4-2 illustrates the status of the residential recycled water schemes in each state of 
Australia.  
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Table 4-3: Residential recycled water schemes (reviewed sub-set) 
No. Water type  Treatment 
location  
 Treatment process Design no. 
of dwellings 
to service* 
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Victoria 
1          Membrane 
bioreactor 
236 
2          Ultrafiltration 8,500 
3          - 14,800 
4          Ozone injection 19,800 
5          Microfiltration 20,000 
6          - 58 
7          Ultrafiltration 30 
8          Ultrafiltration & 
reverse osmosis 
25,000 
South Australia 
9          - 58 
10          Wetland & 
aquifer storage 
and recovery  
109 
11          Wetland & 
aquifer storage 
and recovery 
(stormwater) 
4,000 
12          Ultrafiltration 8,000 
New South Wales 
13          - 36,000 
14          Microfiltration & 
reverse osmosis  
2,400 
15          Membrane 
bioreactor & 
reverse osmosis 
940 
16          Membrane 1,800 
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No. Water type  Treatment 
location  
 Treatment process Design no. 
of dwellings 
to service* 
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bioreactor & 
reverse osmosis 
17          Membrane 
bioreactor & 
reverse osmosis 
7,500 
Queensland 
18          Microfiltration, 
reverse osmosis 
& advanced 
oxidation 
400 
19          - 1,300 
20          Ultrafiltration 65,000 
21          Membrane 
bioreactor & 
ozonation 
3,500 
* May not currently be servicing design number 
** Coagulation, flocculation, clarification, prefiltration, chlorination and/or ultraviolet disinfection 
 
Of the 21 schemes reviewed, three schemes with a total of 1,809 dwellings to be serviced 
were delayed in commissioning at the time of this research study. Three schemes, with a 
total of 68,736 dwellings to be serviced, have been prematurely decommissioned or 
placed on standby prior to decommissioning, while 15 schemes with a total of 148,286 
dwellings to be serviced are operational. In New South Wales, all reviewed schemes are 
operational while in Queensland, two of the four schemes have been delayed in 
commissioning and two have been prematurely decommissioned or placed on standby 
prior to decommissioning.  
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Figure 4-2: Status of residential recycled water schemes in four Australian states 
(reviewed sub-set) 
The 21 residential recycled water schemes, listed in Table 4-3, were developed 
predominately to meet three main objectives: contribute to sustainable urban development 
(12 schemes), improve water supply security by diversifying water sources (seven 
schemes) and reduce treated wastewater effluent discharge and pollutant load to 
waterways (two schemes). In addition, the recycled water schemes were designed to meet 
environmental and public health regulations, maintain viable life cycle costs and maintain 
customer satisfaction and stakeholder confidence.  
4.3.2.2 Likelihood of occurrence 
The review of 21 residential recycled water schemes identified 17 reported risk factors 
arising from the six risk sources listed in Table 4-2 and illustrated in Figure 4-1. Figure 4-3 
shows the number of risk factors reported for each scheme type: delayed commissioning, 
operational and decommissioned.  
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Figure 4-3: Number of residential recycled water schemes reporting risk factors 
(bracketed numbers correspond to risk factors in Table 4-2)  
Schemes delayed in commissioning 
Of the three schemes delayed in commissioning, each scheme reported risk factors arising 
from legal and contractual arrangements, namely inability to agree on contractual terms 
(risk factor 32), poorly defined contractual arrangements (risk factor 33) and conflict 
between stakeholders (risk factor 34). These risk factors were found to delay scheme 
commissioning by one to six years (Leonard et al. 2013, Economic Development 
Queensland 2014). Unanticipated capital costs (risk factor 28) and poorly defined 
regulatory requirements and lengthy approval process (risk factor 9) were reported for one 
scheme. Customer complaints and customer expectations not met (risk factor 4 and 5) 
were reported regarding the delay in commissioning and the proposed non-potable water 
price (Leonard et al. 2013).   
Operational schemes 
Risk factors arising from five of the six risk sources were reported for operational 
residential recycled water schemes. Climate variability (risk factor 2) was found to affect 
influent water quality in two stormwater harvesting and reuse schemes and customer 
complaints pertaining to aesthetic characteristics of recycled water were reported for two 
operational residential recycled water schemes (Marks et al. 2003, Leonard et al. 2013, 
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Page et al. 2013). Regulatory risks (risk factor 8 and 9) were also reported for two 
operational schemes, namely a poorly defined and lengthy approval process and 
increased monitoring requirements with impacts to operational costs (Institute for 
Sustainable Futures 2013a).  
Implementation and operation risks were the highest reported with a total of ten schemes 
reporting risk events arising from this source. Public health risk (risk factor 25) was the 
highest reported risk factor in operational schemes with four schemes reporting cross-
connections between recycled water and potable water pipes. Technology risk (risk factor 
16) was the second highest reported risk factor in operational schemes, along with 
unanticipated operational costs (risk factor 31). Three operational schemes reported 
technology risks pertaining to premature fouling of membranes and challenges with ultra-
violet lamps, programming control and chemical dosing.  
Fall in demand (risk factor 17) with subsequent commissioning and operational challenges 
were reported for two operational schemes. A variance in forecast and actual demand was 
shown to impact all components of a recycled water scheme including treatment, storage 
and distribution. In the treatment system, low flows have been shown to cause aeration 
issues (Suggate 2009), excessive growth of filamentous bacteria and premature 
membrane failure. Treated water has been required to be stored for longer periods of time 
prior to distribution, resulting in reduced water quality and the requirement for additional 
chlorine disinfection at storage locations (Taylor et al. 2011). In the distribution network, 
low flows may result in inadequate pressure, sediment build-up and blockages, stagnation 
and biological growth and inadequate water quality at extremities due to long hydraulic 
residence times (Taylor et al. 2011). A variance in forecast and actual demand was found 
to arise as a result of changing climatic conditions, slow lot sales due to economic decline, 
customer concern and optimistic demand forecasting (Taylor et al. 2011, Institute for 
Sustainable Futures 2013a, b).  
Financial and economic risks for operational schemes pertained to a reduction in 
developer charges (risk factor 29), unanticipated capital costs (risk factor 28) and 
unanticipated operational costs (risk factor 31). Reduction in developer charges occurred 
when capped infrastructure charges were introduced, with one operational scheme 
reporting the occurrence of this risk factor. Unanticipated capital costs were reported for 
one operational scheme and unanticipated operational costs were reported for three 
operational schemes. An increase in capital and operational expenditure was found to 
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occur as a result of technology risks, a variance in forecast and actual demand and the 
challenge of estimating costs at the planning stage with limited financial data available to 
support estimation (Institute for Sustainable Futures 2013a, Leonard et al. 2013).  
Decommissioned schemes 
Risk factors reported in decommissioned schemes arose from social, political and 
regulatory, implementation and operation and financial and economic risk sources. 
Customer complaints and customer expectations not met (risk factor 4 and 5) were 
reported for two decommissioned schemes. The schemes were prematurely 
decommissioned due to the high cost of treatment plant maintenance which led to 
customer dissatisfaction (Smith 2013). Regulatory risks (risk factor 8 and 9) were reported 
for two decommissioned schemes, namely a poorly defined and lengthy approval process 
and increased monitoring requirements with impact to operational costs.  
Implementation and operation risks included public health risk (risk factor 25), technology 
risk (risk factor 16), fall in demand (risk factor 17), construction error (risk factor 15) and 
environmental value risk (risk factor 24). Cross-connection errors were reported in two 
decommissioned schemes, with one scheme also reporting construction errors as a result 
of the fast pace in which the scheme was constructed (Suggate 2009). Technology risks 
were reported in two decommissioned schemes and pertained to membrane failure, loss of 
the plant control system and challenges with chemical dosing (Suggate 2009). A deviance 
in forecast and actual demand was reported in one decommissioned scheme while the 
requirement to re-treat a significant portion of treated water resulted in an energy increase 
nearly double that of other wastewater treatment plants in the region (Taylor et al. 2011).  
A reduction in developer charges (risk factor 29) was reported to have occurred during the 
construction of one scheme (Taylor et al. 2011), while an increase in capital costs (risk 
factor 28) was reported in an additional scheme as a result of regulatory requirements to 
install additional treatment infrastructure and replace the non-potable water pipe (Farrelly 
and Davis 2009a). Unanticipated operational costs (risk factor 31) were reported for all 
three decommissioned residential recycled water schemes (Goddard 2006, Smith 2013, 
City of Gold Coast 2014).  
4.3.2.3 Impact of risk factors on scheme objectives 
The impact of the risk factors on the objectives of residential recycled water schemes are 
qualitatively illustrated in Figure 4-4. Schemes that are delayed in commissioning or were 
prematurely decommissioned have not met the recycled water supply target or pollutant 
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discharge reduction target for which they were designed, thereby having a severe impact 
on these objectives based on the criteria specified in Table 4-1. Operational schemes 
which were offline for periods of time due to technology risks, fall in demand and water 
quality variability, have also impacted the recycled water supply target and pollutant 
discharge reduction target, though to a lesser extent (30% and 10% of operational 
schemes respectively).  
In 80% of schemes classified as delayed commissioning and decommissioned, medium 
impacts to customer satisfaction and stakeholder confidence were reported. Reduced 
customer satisfaction and stakeholder confidence occurred in response to cross-
connection incidents and delayed scheme commissioning and premature 
decommissioning. While cross-connection incidents were reported for 30% of 
decommissioned schemes and 30% of operational schemes, public health impacts, on 
average, were reported as low and insignificant respectively (Storey et al. 2007, Taylor et 
al. 2011, Smith 2013).  
Water utility revenue suffered medium impact in 30% of decommissioned schemes and 
low impact in 10% of operational schemes, while high impact to capital cost was reported 
for 50% of decommissioned or delayed commissioning schemes and low impact to capital 
cost was reported for 10% of operational schemes. For 50% of decommissioned schemes, 
impacts to operational costs were high, on average, and were reported as the main reason 
for premature scheme decommissioning (Smith 2013, City of Gold Coast 2014). Thirty-
percent (30%) of operational schemes reported low impact on operational cost as a result 
of specific risk factors. It should be noted that while schemes reported high operational 
costs as the primary reason for decommissioning, impacts on operational costs occurred 
as a result of multiple risk factors. Figure 4-3 shows that 13 different risk factors were 
reported for decommissioned schemes, with each risk factor having the potential to impact 
operational cost. 
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Figure 4-4: Average impact of risk factors on objectives of residential recycled water 
schemes 
4.3.2.4 Evaluation and ranking of risk factors 
Figure 4-5 illustrates the overall rating of each risk factor based on the likelihood of 
occurrence and impact of the risk factor on objectives. Four factors were rated as very low 
risk: climate change/climate variability (risk factor 2), organisational change (risk factor 13), 
construction error (risk factor 15) and environmental value risk (risk factor 24). Six factors 
were rated low risk: technology risk (risk factor 16), fall in demand (risk factor 17), public 
health risk (risk factor 25), unanticipated capital costs (risk factor 28), reduction in 
developer charges (risk factor 29) and reduction in non-potable water price (risk factor 30). 
Seven factors were rated as medium risk: customer complaints (risk factor 4), customer 
expectations not met (5), regulatory requirements (risk factor 8), approval process (risk 
factor 9), inability to agree on contractual terms (risk factor 32), poorly defined contractual 
arrangements (risk factor 33) and conflict between partners (risk factor 34). Unanticipated 
operational cost (risk factor 31) was rated as high risk due to the likelihood of occurrence 
and the impact on objectives.  
61 
 
  CHAPTER 4 
 
Figure 4-5: Overall rating of risks to the long-term viability of residential recycled water 
schemes 
4.4 Discussion 
This research study has demonstrated that the long-term viability of residential recycled 
water schemes is impacted by a broad range of risks which can arise from multiple 
sources and at various stages of development and implementation of a scheme. 
Effectively addressing the range of risk factors throughout the life-cycle of a scheme, and 
implementing management measures for critical risk factors, is required to enable the 
scheme objectives to be met.  
4.4.1 Risk assessment for future schemes 
To date, residential recycled water scheme risk assessments have focused primarily on 
environmental and public health risks. While management of these risk factors is essential 
given the likelihood of occurrence of cross-connections between recycled water and 
potable water supply pipelines, the broader range of risks require attention. Furthermore, 
62 
 
  CHAPTER 4 
the focus on public health risks may have indirectly enhanced specific risks, such as 
financial risks, by unintentionally encouraging a cautious approach to the setting of 
treatment levels for recycled water schemes (Institute for Sustainable Futures 2013d).  
Consequently, an integrated risk assessment approach is recommended, whereby the 
risks arising from all six sources - physical, social, political and regulatory, implementation 
and operation, financial and economic and legal and contractual, are addressed. Whereas 
traditional risk assessment practices in the water sector have focused on hard, quantitative 
risks, the outcomes of this study illustrate that an enhanced attention to soft risks, namely 
legal and contractual arrangements, regulatory requirements and approval process and 
customer complaints and expectations not met, is required. Managing soft risks in projects 
requires the adoption of sense-making and value management; where sense-making 
comprises the continual review and understanding of stakeholder needs and expectations 
throughout the project life-cycle and value management focuses on achieving a balance 
between meeting those needs and expectations and the magnitude of resources required 
to do so (Thiry 2002).        
When adopting management measures for specific risk factors, the associated trade-offs 
between costs, benefits and risks should be considered (Haimes 2009). Specifically, the 
influence of risk management measures adopted for one risk factor, i.e. public health, 
should be considered with respect to the range of risk factors, and primarily to the critical 
risk factors, identified through this research. 
4.4.2 Managing critical risk factors 
The risk factors identified as critical to the long-term viability of residential recycled water 
schemes are 1. unanticipated operational costs, 2. legal and contractual arrangements, 3. 
regulatory requirements and approval process and 4. customer complaints and 
expectations not met. 
In order to minimize the likelihood of incurring unanticipated operational costs, a sound 
basis for estimation of operational costs at the planning stage of a residential recycled 
water scheme is required. However, stakeholder interviews identified challenges 
associated with estimating costs at the assessment and planning stage due to the limited 
financial data available to support estimation. For some utilities, the financial data 
associated with non-potable water supply is not retained separately to that of the potable 
water supply, and hence, a sound understanding of the operational costs associated with a 
recycled water scheme has not been attained.  
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Additionally, the impact of multiple risk factors on the operational costs of a scheme is not 
well understood. While operational costs were the predominant reason for premature 
scheme decommissioning, multiple risk factors were present during the implementation 
and operation of these schemes, leading to the operational costs far exceeding that which 
were forecast. Management of the risk factors with the potential to impact operational 
costs, specifically technology risk (risk factor 16) and fall in demand (risk factor 17), will aid 
in reducing the overall impact to operational costs of a scheme.  
For schemes which are developed by multiple stakeholders, managing the stakeholder 
relations throughout the duration of the scheme life-cycle is imperative. As identified from 
this study, poorly defined stakeholder arrangements, strained relationships and lack of 
agreeance on contractual terms can lead to the indefinite delay in commissioning of a 
scheme with subsequent impact to customer satisfaction and stakeholder confidence. 
Stakeholder interviews identified that where all stakeholders were involved from the 
commencement of the scheme, the implementation and operation of schemes was 
significantly improved. Whereas significant challenges arose for those schemes in which 
an additional stakeholder, predominately a public water utility, was brought on board later 
in the implementation phase. Given the push for increased private participation in the 
provision of water infrastructure (WSAA and IPA 2015), review of legal and contractual 
arrangements associated with residential recycled water schemes is required, in addition 
to a fundamental understanding of what drives successful stakeholder relations.  
Managing customer expectations and customer complaints associated with residential 
recycled water schemes requires enhanced attention given the critical nature of these risk 
factors. The impact to customer satisfaction and stakeholder confidence as a result of 
delayed commissioning or decommissioned recycled water schemes has not been 
adequately addressed or quantified to date. Aside from newspaper articles, no literature 
was identified which addressed these impacts. This is a fundamental gap in knowledge 
given the social objectives of residential recycled water schemes.  
Stakeholder interviews identified that while the regulatory environment of recycled water 
schemes has become easier to navigate, the approval process remains a lengthy and 
challenging endeavour, with one interviewee stating that the length of time required for 
approval has increased, rather than decreased, with the increased number of residential 
recycled water schemes. In numerous infrastructure development projects, political and 
regulatory risks have been identified as critical risk factors and are a significant deterrent 
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to private investment and the adoption of public private partnerships (World Economic 
Forum 2015).  
4.4.3 Study limitations 
The semi-quantitative risk assessment presented in this study is based on a detailed 
literature review, case study investigation and expert knowledge; however, limited 
information was available for some schemes and certain risk factors. A detailed 
investigation of additional schemes, where stakeholder consent was provided, and/or a 
survey of water industry practitioners pertaining to the 34 risk factors identified in this study 
would provide additional information to refine or verify the critical risk factors identified 
through this study.  
4.5 Conclusion 
Through a detailed literature review, interviews with industry practitioners and a review of 
21 residential recycled water schemes, the following conclusions were drawn: 
• Current risk assessment and management guidelines effectively address 
environmental and public health risks, though the broader range of risks to the 
objectives of residential recycled water schemes have not been adequately 
addressed to date; 
• Although 30% of both decommissioned and operational schemes reported cross-
connection incidents, the impact to public health, on average, was classified as low 
and insignificant respectively;  
• The long-term viability of residential recycled water schemes is impacted by 34 risk 
factors arising from multiple sources and at various stages of development and 
implementation of a scheme; 
• Unanticipated operational costs, legal and contractual arrangements, regulatory 
requirements and approval process and customer complaints and expectations not 
met are critical risks to the long-term viability of residential recycled water schemes; 
• Delayed commissioning of schemes occurred primarily as a result of challenges 
associated with the legal and contractual arrangements between scheme 
stakeholders, while unanticipated operational costs were reported as the main 
reason for premature decommissioning of three schemes; and 
• Limited quantitative data is available to accurately assess the likelihood of 
occurrence and impact of risk factors on scheme objectives. In particular, 
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quantification of the financial impact of risk factors is required and an investigation 
into the impacts of delayed commissioning or decommissioned schemes on 
customer satisfaction and stakeholder confidence.  
The outcomes of this study provide a basis for further investigation through the definition of 
critical risks to the long-term viability of residential recycled water schemes. Additional 
research is required to further define and verify the critical risk factors and to facilitate the 
development of improved assessment methodologies and management approaches to be 
implemented throughout the life-cycle of a residential recycled water scheme. 
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CHAPTER 5: EXPERT OPINION ON RISKS TO THE LONG-TERM 
VIABILITY OF RESIDENTIAL RECYCLED WATER SCHEMES 
Abstract 
The water sector needs to make efficient and prudent investment decisions by carefully 
considering the long-term viability of water infrastructure projects. To support the 
assessment and planning of residential recycled water schemes in Australia, we have 
sought to clarify scheme objectives and to further define the array of critical risks that can 
impact the long-term viability of schemes. Building on historical information, we conducted 
a national survey which elicited responses from 88 Australian expert practitioners, of which 
64% have over 10 years of industry experience and 42% have experience with more than 
five residential recycled water schemes. On the basis of expert opinion, residential 
recycled water schemes are considered to be highly relevant for diversifying and improving 
water supply security, reducing wastewater effluent discharge and pollutant load to 
waterways and contributing to sustainable urban development. At present however, the 
inability to demonstrate an incontestable business case is posing a significant risk to the 
long-term viability of residential recycled water schemes. Political, regulatory, 
organisational and financial factors were also rated as critical risks, in addition to 
community risk perception and fall in demand. The survey results shed further light on the 
regulatory environment of residential recycled water schemes, with regulatory participants 
rating the level and impact of risk factors higher than other survey participants in most 
cases. The research outcomes provide a comprehensive understanding of the critical risks 
to the long-term viability of residential recycled water schemes, thereby enabling the 
implementation of targeted risk management measures at the assessment and planning 
stage of a scheme.  
5.1 Introduction 
Residential recycled water schemes have been operational in Australia for over two 
decades. Since the first scheme was commissioned in 1994 - Rouse Hill in Sydney, New 
South Wales - numerous schemes have been developed in New South Wales, 
Queensland, South Australia and Victoria (West et al. 2016). Despite the lengthy period of 
operation, water industry practitioners continue to debate the importance and long-term 
viability of residential recycled water schemes (Taylor et al. 2011, Radcliffe 2015). The 
reluctance to develop residential recycled water schemes is due, in part, to the historical 
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performance of schemes and the current economic, political and environmental conditions 
in Australia (Marsden Jacob Associates 2013, West et al. 2016). A proportion of schemes 
have suffered challenges resulting in 30% delayed in commissioning or prematurely 
decommissioned (West et al. 2016). In recent years, the water sector has been criticised 
for over-investment in inefficient water services, namely recycled water schemes 
(Productivity Commission 2011). Consequently, the Productivity Commission (2014) has 
called for improved decision-making in the assessment, development and implementation 
of public infrastructure.  
Making informed investment decisions requires an understanding of the range of risks and 
uncertainties which may arise throughout the life-cycle of a project (Institute for 
Sustainable Futures 2013c, Samset and Volden 2016). Building Queensland (2016a) 
highlight the need for risk management to inform, and be informed by, each step in the 
project assessment process. This is especially the case at the front-end phase of a project 
when the opportunity to reduce risk and uncertainty is greatest (World Bank 1996, Klakegg 
2009, Edkins et al. 2013, Samset and Volden 2016).  
A comprehensive understanding of risk will aid the development of a robust business case 
and will enable the specification of targeted measures for managing risks throughout the 
life-cycle of a recycled water scheme (Department of Infrastructure and Transport 2010, 
Poole et al. 2014, Rajaram et al. 2014, Samset and Volden 2016). Gaining insight to the 
opinions of project stakeholders will provide a broader understanding of risk and 
uncertainty and will enable the integration of stakeholder concerns in the decision-making 
process (Linkov and Ramadan 2005). Identifying and addressing critical risk factors will 
also aid in informing the development of improved frameworks and guidelines for the 
planning and operation of residential recycled water schemes (Moglia et al. 2011a, 
Institute for Sustainable Futures 2013c, Marsden Jacob Associates 2013). 
Despite considerable research on recycled water schemes, few attempts have been made 
to explicitly define the complex array of risks to the long-term viability of recycled water 
schemes (Kunz et al. 2016). To address this knowledge gap, West et al. (2016) conducted 
a detailed investigation of the historical performance of 21 Australian schemes. The 
research identified and characterised 34 risk factors arising from six sources with the 
potential to impact the long-term viability of schemes. The authors identified that critical 
risks have historically comprised: 1. unanticipated operational costs, 2. legal and 
contractual arrangements, 3. regulatory requirements and approval process and 4. 
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customer complaints and expectations not met (West et al. 2016). However, the authors 
noted that the study was constrained by the limited data and information available to 
assess the criticality of specific risk factors. In particular, ‘soft’ risk factors (Crawford and 
Pollack 2004), including organisational change, were challenging to assess due to a lack 
of information and the intertwined nature of these risk factors with ‘hard’ factors.  
Aven (2016) recommends that, where historical data is limited, available data and 
information should be supplemented with expert opinion to enable a broader 
understanding of risk. The elicitation of expert opinion can facilitate the synthesis of 
available knowledge to inform policies, frameworks and guidelines (Knol et al. 2010). 
While expert opinions are subjective, they nonetheless aid in supporting the risk 
assessment and decision-making process (Aven 2016). To date, the elicitation of expert 
opinion pertaining to the importance of residential recycled water schemes, and risks to 
the long-term viability of schemes, has been limited. A notable exception was a national 
survey conducted by Dobbie et al. (2013) which aimed to understand how social and 
institutional barriers were impeding the transition to sustainable urban water management 
in Australia. While the survey considered third pipe systems, the survey was not specific to 
residential recycled water schemes nor was the survey targeted at practitioners with 
residential recycled water scheme experience. As a result, the ratings of receptivity and 
risk may have been skewed by practitioners with limited residential recycled water scheme 
experience.  
To aid the assessment and planning process for residential recycled water schemes, this 
research study has sought to develop a broader understanding of risks to the long-term 
viability of schemes. Through the elicitation of expert opinion, the importance and 
objectives of residential recycled water schemes and the risks to the long-term viability of 
schemes have been defined. Building on historical knowledge, the research study has 
developed a broader understanding of critical risk factors and has provided 
recommendations for addressing critical risks at the assessment and planning stage of a 
residential recycled water scheme.  
5.2 Research method 
5.2.1 Expert survey questionnaire 
A national survey questionnaire was conducted to elicit expert opinion on the importance 
and objectives of residential recycled water schemes and the risks to the long-term viability 
of schemes. Opinions pertaining to risk are subjective and influenced by a range of social, 
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psychological, contextual and cultural factors (Tversky and Kahneman 1974, Douglas and 
Wildavsky 1982, Slovic 1987, Kasperson et al. 1988). As such, the aim of the survey was 
to enable the ranking of risk factors on the basis of expert opinion, rather than to obtain an 
explicit, quantitative rating of the likelihood of occurrence and the impact of risk factors on 
scheme objectives.  
Experienced residential recycled water scheme practitioners were targeted for participation 
in the survey questionnaire: public and private proponents with direct involvement in the 
planning, implementation, operation, management and/or regulation of one or more 
residential recycled water schemes in Australia. The survey was conducted online 
between October and November 2015. The survey responses were anonymous and did 
not contain identifying information other than the participant’s professional background and 
location.  
5.2.1.1 Survey design 
The survey questionnaire was designed to facilitate ease of use for the participants, to 
ensure specificity and clarity in the wording of questions and to enable the objectives of 
the research study to be achieved. The introduction stated that the overarching aim of the 
survey was to elicit expert opinion on risks to the long-term viability of residential recycled 
water schemes. An explicit definition of residential recycled water scheme was provided: 
the provision of treated stormwater, greywater and/or wastewater through dual piping for 
non-potable residential use comprising toilet flushing, cold washing machine, garden 
watering and/or other outdoor use. The full survey questionnaire is provided in Appendix C 
and each part summarised as follows: 
Part One: General background information 
Survey participants were requested to provide information relating to their professional 
background, location, experience and role with respect to residential recycled water 
schemes.   
Part Two: Importance and objectives of residential recycled water schemes 
Participants were asked to rate how strongly they personally believed that residential 
recycled water schemes were important for meeting sustainable urban water management 
and/or sustainable urban development objectives and how strongly they believed that their 
organisation agreed with this statement. Ratings were allocated on a five-point Likert scale 
from negative to positive: 1 = strongly disagree, 2 = disagree, 3 = neither agree nor 
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disagree, 4 = agree and 5 = strongly agree. A five-point rating scale was adopted for ease 
of use (Preston and Colman 2000, Baxter et al. 2015). The question itself was positively 
framed however a negative to positive rating scale was adopted to potentially reduce the 
risk of bias towards a positive response (Tourangeau et al. 2004, Hartley and Betts 2010).   
Participants were also requested to rate the relevancy of specific objectives of residential 
recycled water schemes on a five-point, negative to positive rating scale: 1 = not relevant, 
2 = somewhat relevant, 3 = relevant, 4 = very relevant and 5 = essential. Lastly, 
participants were requested to define and rate additional objectives of residential recycled 
water schemes which were not previously considered.  
Part Three: Risk factor rating for residential recycled water schemes 
To enable the expert practitioners to present their knowledge in a consistent and familiar 
manner (Knol et al. 2010), part three of the survey questionnaire was formulated to 
represent a risk assessment process commonly used in industry. Thirty-four (34) risk 
factors1 arising from six sources, identified and characterised by West et al. (2016), were 
assessed in the survey questionnaire. The research conducted by West et al. (2016) was 
the first to comprehensively identify and characterise the range of risks to the long-term 
viability of residential recycled water schemes, and hence these risk factors were adopted 
for expert assessment.   
The objectives and risk rating criteria were clearly defined and presented in a five-by-five 
risk matrix. A five-point rating scale was adopted to enable ease of use (Preston and 
Colman 2000, Baxter et al. 2015) and to reflect the scales commonly used in industry risk 
assessment (Natural Resource Management Ministerial Council et al. 2006, Blackmore et 
al. 2008). Participants were requested to rate the risk factors on the likelihood of 
occurrence: 1 = very low, 2 = low, 3 = moderate, 4 = high and 5 = very high; and impact on 
objective: 1 = insignificant, 2 = low, 3 = moderate, 4 = high and 5 = severe. Participants 
were also requested to define and rate additional risk factors which have the potential to 
impact the long-term viability of residential recycled water schemes. 
5.2.1.2 Survey review and testing 
Intensive review and testing of the survey questionnaire was undertaken to ensure that the 
survey questions, risk rating criteria and risk factor definitions were well-defined and 
1 One risk factor, impacts to conventional infrastructure (factor 21), was unintentionally overlooked during creation of the 
survey. 
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correctly interpreted. The survey was reviewed by personnel with water industry 
experience: two personnel from independent research bodies, two personnel from 
independent consulting firms and one public water utility representative. The reviewers 
were requested to provide comment on the ease of survey completion, the effectiveness of 
the questions with respect to the survey objectives, the clarity of the survey questions and 
the validity of the risk factors for categorisation and ranking. The risk factor validation 
criteria, presented in Appendix C, were based on Morgan et al. (2000) and adapted for 
relevance to residential recycled water schemes. Specifically, the risk factors were 
critiqued on consistency, compatibility with administrative systems, equity and compatibility 
with human cognitive limitations (Morgan et al. 2000). The survey was revised in 
accordance with the review comments which pertained predominately to improvements in 
the definition of risk rating criteria. Additional testing was undertaken by a variety of 
researchers and consultants who have water industry experience. The personnel involved 
in the review and testing of the survey questionnaire were independent to the personnel 
who participated in the survey questionnaire.   
5.2.1.3 Survey participants 
A range of distribution techniques were employed to increase the sample size, to enable 
the survey to be disseminated broadly and to reduce the potential for selection bias. These 
techniques comprised distribution through purposive sampling and snowballing; 
distribution through the Water Services Association of Australia and the Cooperative 
Research Centre for Water Sensitive Cities; and distribution through LinkedIn groups 
including the Australian Water Association and Engineers Australia. To identify 
experienced practitioners for purposive sampling and snowballing, the following steps 
were undertaken:  
• Residential recycled water schemes developed, or proposed to be developed, in 
Australia were identified; 
• Where possible, the practitioners involved in the planning, implementation, 
operation, management and/or regulation of each residential recycled water 
scheme were identified;  
• An email with the survey link was sent to each of the identified personnel with a 
request for participation and for the survey to be forwarded to other personnel who 
have the necessary experience to participate in the survey (snowballing); and 
72 
 
  CHAPTER 5 
• Authors of grey literature and peer reviewed academic literature specific to 
residential recycled water schemes were identified. An email with the survey link 
was sent to each of the identified personnel with a request for participation and for 
the survey to be forwarded to other personnel who have the necessary experience 
to participate in the survey.  
The purposive sampling identified 41 potential participants. A total of 88 practitioners 
participated in the survey questionnaire, with 65 surveys completed and an additional 23 
partially completed. The population of residential recycled water scheme practitioners is 
unknown; however it is likely that the survey sample size was satisfactory due to the range 
of distribution techniques employed. Background information of the survey respondents is 
summarized in Table 5-1 and the location of respondents is shown in Figure 5-1.  
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Table 5-1: Background information of survey respondents (n = 88) 
Practitioner group  Years of industry experience 
Public water utility2 29 <10 32 
Private water utility1 2 10 - 20 32 
Urban development2 4 20+ 24 
Consultant2 27   
Research2 8   
Local government 9   
Regulator (State government) 9   
Recycled water scheme role  Gender  
Planning 30 Female 22 
Design and/or construction  17 Male 66 
Operation and/or management 12   
Multiple 13   
Regulator 9   
Researcher 7   
Type of residential recycled water scheme that 
survey participants have experience with 
Number of residential recycled 
water schemes that survey 
participants have experience with 
Stormwater harvesting and reuse 7 <2 37 
Wastewater treatment and recycling 
reuse3 
37 2 - 5 23 
Greywater treatment and treatment3 2 5+ 28 
Both stormwater and wastewater 42   
 
Due to the low number of participants in certain categories, the following groupings were made for the purpose of 
statistical analysis:  
1 Private water utility participants (n = 2) were grouped with public water utility participants (n = 29) 
2 Urban development participants (n = 4) and research participants (n = 8) were grouped with consulting participants 
(n = 27) 
3 Greywater recycling and reuse (n = 2) were grouped with wastewater recycling and reuse (n = 37) 
+ Northern Territory (n = 1) was grouped with Western Australia (n = 8) 
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Figure 5-1:  Location of survey respondents (adapted from Golbez (2006) with permission)  
5.2.1.4 Data analysis 
The risk level for each factor was calculated from the survey results as follows:  
Risk rating = likelihood of occurrence x average impact score 
The survey data were analysed using IBM SPSS Statistics 24. Exploratory data analysis 
was conducted to report descriptive information for each survey question. Frequency 
distributions, total sample size (N), group sample size (n), mean (M), median (Mdn) and 
standard deviation (SD) values have been reported. The box-and-whisker plots present 
the minimum, lower quartile, mean, median, upper quartile and maximum values of 
selected questionnaire results, with outliers plotted as individual points. The mean ratings 
of likelihood, impact and risk level have been presented to enable illustration of the 
variance in ratings. The median data values have been reported with the results of the 
non-parametric statistical tests.  
Non-parametric statistical techniques have been utilised to investigate statistically 
significant differences between and within groups. Non-parametric techniques were 
utilised as (i) data normality could not be assumed, (ii) the survey data was ordinal and (iii) 
small and variable sample sizes were present in some cases. The Kruskal-Wallis test was 
applied to identify statistically significant differences in responses between grouping 
variables. The results of the Kruskal-Wallis test are presented as: chi-square value χ2 
QUEENSLAND 
n = 24 
NEW SOUTH 
WALES 
n = 27 
VICTORIA 
n = 22 
SOUTH 
AUSTRALIA 
n = 6 
WESTERN 
AUSTRALIA 
n = 8 
NORTHERN 
TERRITORY 
n = 1+ 
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(degrees of freedom df, total sample size N), p-value (p < 0.05), effect size r. The Mann-
Whitney U test, with Bonferroni adjustment, was then applied to identify the source of 
significant differences between grouping variables. Statistically significant differences for 
paired comparisons with moderate effect size or greater have been presented only (r > 
0.3). 
5.3 Results 
5.3.1 Importance of residential recycled water schemes 
Figure 5-2 illustrates how strongly the participants personally believed that residential 
recycled water schemes are important for meeting sustainable urban water management 
and/or sustainable urban development objectives (A) and how strongly they believed that 
their organisation agreed (B).  
 
Figure 5-2: Importance of residential recycled water schemes for meeting sustainable 
urban water management and/or sustainable urban development objectives (A - personal, 
B - organisation) 
Seventy-two percent (72%) of the survey participants agreed or strongly agreed that 
residential recycled water schemes are important for meeting sustainable urban water 
management and/or sustainable urban development objectives, while 56% believed that 
their organisation agreed or strongly agreed. For the participants personal belief (Figure 
5-2 A), 15% neither agreed nor disagreed and 14% disagreed or strongly disagreed in the 
importance of residential recycled water schemes. Figure 5-3 illustrates the variance in the 
response of sectors (A) and states (B).  
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Figure 5-3: Importance of residential recycled water schemes for meeting sustainable 
urban water management and/or sustainable urban development objectives (A – 
practitioner group, B - state) (1 = strongly disagree, 3 = neither agree nor disagree and 5 = 
strongly agree)  
Based on the median response, all practitioner groups agreed that residential recycled 
water schemes are important for meeting sustainable urban water management and/or 
sustainable urban development objectives (Figure 5-3A). Participants from New South 
Wales, Queensland and South Australia agreed that residential recycled water schemes 
are important for meeting sustainable urban water management and/or sustainable urban 
development objectives, based on the median response, while participants from Victoria 
and Western Australia agreed or strongly agreed (Figure 5-3B). 
The response by Victorian participants was statistically significantly higher than New South 
Wales participants for how strongly they personally believed, U = 178.5, p = 0.012, r = 0.4, 
and how strongly they felt that their organisation believed, U = 169.5, p = 0.008, r = 0.4, in 
the importance of schemes for meeting sustainable urban water management and/or 
sustainable urban development objectives. The response by Victorian participants was 
also significantly higher than Queensland participants with respect to how strongly they felt 
that their organisation believed in the importance of schemes , U = 156.0, p = 0.013, r = 
0.4.  
It is important to note that private water utilities, which are driving the development of 
residential recycled water schemes in New South Wales (West et al. 2016), are under-
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represented in this study and therefore the results for New South Wales do not reflect the 
opinions of this important group of stakeholders.  
Figure 5-4 illustrates the range in survey responses pertaining to the relevancy of 
objectives of residential recycled water schemes.  
 
Figure 5-4: Objectives of residential recycled water schemes (1 = not relevant, 3 = 
relevant and 5 = essential)  
Based on the median response, the objectives considered to be relevant (Mdn = 3) are: 
reduce peak potable water demand, defer or reduce capital investment in conventional 
infrastructure, reduce stormwater runoff and pollutant load to waterways (stormwater 
harvesting and reuse) and provide for enhanced urban amenity. The objectives considered 
to be highly relevant (Mdn = 4) are: diversify and improve water supply security, reduce 
wastewater effluent discharge and pollutant load to waterways (wastewater treatment and 
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recycling) and contribute to sustainable urban development. Some survey participants 
provided comment on additional objectives which they believed were relevant to residential 
recycled water schemes, as follows: 
• Improve community participation and involvement in decision-making, enable the 
community to contribute to sustainable outcomes, improve public awareness of the 
challenges facing urban water sustainability and influence consumer behaviour;  
• Build stakeholder confidence in recycled water and potentially future indirect 
potable reuse; and 
• Facilitate recycling and recovery of nutrients, provide fit-for-purpose water supply 
and reuse a valuable resource which would otherwise go to waste.  
5.3.2 Risks to the long-term viability of residential recycled water schemes 
Figure 5-5 presents the mean likelihood of occurrence and impact rating for 33 risk factors, 
arising from six sources, with the potential to impact the long-term viability of residential 
recycled water schemes.  
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Figure 5-5: Mean likelihood and impact of risks to the long-term viability of residential 
recycled water schemes 
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Figure 5-5 illustrates that high likelihood/high impact risk factors arise from financial and 
economic, political and regulatory, implementation and operation, and social sources. 
Based on expert opinion, inability to demonstrate incontestable business case (risk factor 
27) is the greatest risk to the long-term viability of residential recycled water schemes at 
present; ranking highest on risk level (M = 14.7, SD = 4.6) and impact on objectives (M = 
3.9, SD = 0.71). All political and regulatory risk factors were rated as high likelihood/high 
impact, as were organisational risk factors, namely organisational change and 
organisational risk perception. Additional financial and economic risk factors rated as high 
likelihood/high impact comprised unanticipated capital costs (risk factor 28) and 
unanticipated operational costs (risk factor 31). Community risk perception (risk factor 3), 
arising from the social risk source, and fall in demand (risk factor 17), arising from the 
implementation and operation risk source, were also rated as high likelihood/high impact 
risk factors.   
On the basis of expert opinion, climate change/climate variability (risk factor 2) is 
considered to have the highest likelihood of occurrence (M = 2.4, SD = 0.86). Although 
public health risk (risk factor 25) was rated as high impact (M = 3.6, SD = 1.06), expert 
practitioners viewed the likelihood of occurrence as low (M = 2.8, SD = 0.87). The risk 
factors rated as lowest likelihood of occurrence and impact on objective were 
environmental health risk – compliance related (risk factor 22) and equity of access (risk 
factor 6), respectively.  
Figure 5-6 presents the mean risk level rating for each practitioner group. For clarity, only 
the 15 highest rated risk factors are shown.  
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Figure 5-6: Mean risk level rating for each practitioner group 
Figure 5-6 illustrates variances in the risk level ratings of each practitioner group. Based 
on the mean response of water utility participants, inability to demonstrate incontestable 
business case is the greatest risk the long-term viability of residential recycled water 
schemes at present, while consultants viewed change in government as the greatest risk. 
Local government participants viewed regulatory requirements as the greatest risk the 
long-term viability of residential recycled water schemes at present while regulatory 
participants viewed assessment and design error and inability to demonstrate 
incontestable business case as the greatest risks.  
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Clear variances in the risk level ratings of unanticipated operational cost, public health risk 
and assessment and design can be observed in Figure 5-6, with regulatory participants 
viewing these factors as high risk while other participant groups rated the risk factors as 
medium risk. Interestingly, regulatory participants viewed the risk of regulatory 
requirements, change in government and approval process higher than that of water utility 
participants. Local government participants viewed the risk of regulatory requirements and 
approval process as high to very high, while water utility participants viewed the risk as 
high and medium to high, respectively. Local government participants also rated the risk of 
perceived benefits do not materialise statistically significantly lower than utility participants 
(M = 7.1 and M = 10.9, respectively), U = 41.5, p = 0.01, r = 0.4. 
Analysing across all 33 risk factors, variances were observed in the overall mean and 
median risk rating of practitioner groups. Regulatory participants had the highest overall 
mean and median risk level rating (M = 11.0, Mdn = 10.5) while local government 
participants had the lowest overall mean and median risk level rating (M = 9.4, Mdn = 9.0). 
Water utility participants and consulting participants had a similar overall mean and 
median risk level rating (M = 9.6, Mdn = 9.0 and M = 9.9, Mdn = 9.0, respectively). A 
Kruskal-Wallis test, which accounts for variable and small sample sizes (Pallant 2010), 
revealed statistically significant variances in the risk level rating for environmental health 
risk – compliance related and environmental value risk – stormwater related between 
regulatory participants and local government participants. Figure 5-7 illustrates the 
variance in risk level rating for environmental health and environmental value risk factors.  
83 
 
  CHAPTER 5 
 
Figure 5-7: Mean risk level rating for environmental health and environmental value risk 
Regulators rated the risk of environmental health risk – compliance related with a higher 
score (M = 6.0) than local government participants (M = 4.0), which was statistically 
significantly different at U = 28.5, p = 0.03, r = 0.7. Regulators also rated the risk level of 
environmental value risk – stormwater related with a higher mean score (M = 9) than local 
government participants (M = 4), which was statistically significantly different at U = 28.5, p 
= 0.03, r = 0.7. The difference in risk level rating of environmental value risk – 
greywater/wastewater related between practitioner groups was not statistically significant, 
although variances can be observed in the risk level rating between practitioner groups 
(Figure 5-7).  
Figure 5-8 presents the mean impact rating for each practitioner group. For clarity, the 15 
risk factors with the highest impact rating are shown.  
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Figure 5-8: Mean impact rating for each practitioner group 
Figure 5-8 illustrates similar trends to that of the risk level ratings, with regulatory 
participants rating the impact of risk factors higher than other participants in most cases. 
For all risk factors, excepting regulatory pricing policy, regulatory participants rated the 
impact higher than that of water utility participants. Large variances in the ratings of 
assessment and design error, inability to agree on contractual terms and management and 
maintenance error can be observed between regulatory participants and local government 
and water utility participants. The mean impact rating by regulatory participants for inability 
to agree on contractual terms (M = 4.2) was statistically significantly higher than water 
utility participants (M = 3.4), U = 30.5, p = 0.01, r = 0.4. 
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Analysing across all 33 risk factors, variances were observed in the overall mean and 
median impact rating of practitioner groups. Regulatory participants had the highest overall 
mean and median impact rating (M = 3.4, Mdn = 3.5) while water utility and local 
government participants had the lowest overall mean and median impact rating (M = 3.0, 
Mdn = 3.0). Regulatory participants rated the impact of environmental health risk – 
compliance related with a higher mean score (M = 3.7) than local government and utility 
participants (M = 2.1 and M = 2.6, respectively), which was statistically significantly 
different at U = 3, p = 0.005, r = 0.8 and U = 27, p = 0.01, r = 0.5 respectively. Regulatory 
participants also rated the impact of environmental value risk – stormwater related and 
environmental value risk – greywater/wastewater related with a higher mean score (M = 
3.2) than local government participants (M = 2.1), which was statistically significantly 
different at U = 5, p = 0.01, r = 0.7.  
Variances in risk level ratings were also observed between states. Based on the mean 
response, New South Wales, South Australia and Victorian participants viewed inability to 
demonstrate incontestable business case as the greatest risk the long-term viability of 
residential recycled water schemes at present, while Queensland and Western Australia 
participants viewed regulatory requirements as the greatest risk. Queensland participants 
rated the risk level of optimism bias as medium (M = 10.7), while participants from Victoria 
rated the risk as low (M = 8.1), which was statistically significantly different at U = 100, p = 
0.02, r = 0.4. Participants from New South Wales rated the risk level of reduction in 
developer charges and reduction in non-potable water price as medium (M = 10.8 and M = 
10.2), which was statistically significantly different to the low rating by participants from 
Victoria (M = 7.8 and M = 6.7, respectively).  
Analysing across all 33 risk factors, Western Australia had the highest overall median risk 
level rating (Mdn = 10.5), while New South Wales and Queensland participants had the 
highest overall mean risk rating (M = 10.3, Mdn = 9.0). Victoria and South Australia had 
the lowest overall mean and median risk level ratings (M = 9.2, Mdn = 9.0) and (M = 8.1, 
Mdn = 9.0), respectively. Interestingly, variances were observed between organisations in 
the rating of impact on objective, whereas variances were observed between states in the 
rating of likelihood of occurrence.  
Certain survey participants provided comment on additional risk factors which they 
believed were relevant to residential recycled water schemes, as follows: 
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• Over-treatment risk: recycled water treatment plants are likely to achieve a greater 
log reduction in pathogens than required by regulation due to the addition of non-
essential process steps. However, in some cases, log removal credits are not 
obtained due to the expensive validation testing required;  
• Inability of stakeholders to agree on and/or quantify intangible or soft benefits (i.e. 
amenity of public open space); and 
• In some cases, the stakeholder who finances the scheme is different to the 
stakeholder who benefits from the scheme. 
5.4 Discussion  
5.4.1 Importance and objectives of residential recycled water schemes 
Despite challenges in the design and operation of residential recycled water schemes in 
Australia (West et al. 2016), 72% of survey participants agreed or strongly agreed that 
residential recycled water schemes are important for meeting sustainable urban water 
management and/or sustainable urban development objectives. The participants who 
disagreed or strongly disagreed represented a range of roles in New South Wales (no 
private water utilities) and design and construction roles in Queensland, primarily.  
Eighty-six percent (86%) of survey respondents from Victoria agreed or strongly agreed in 
the importance of residential recycled water schemes for meeting sustainable urban water 
management and/or sustainable urban development objectives. The majority of survey 
respondents from Victoria represented water utilities (64%), while New South Wales 
participants primarily represented water utilities and consultancies (41% each) and 
Queensland participants primarily represented consultancies (58%). Victorian participants 
also represented a higher percentage of personnel involved at the planning stage of a 
scheme (50%) as opposed to New South Wales (30%) and Queensland (25%). The higher 
rating of importance, and the lower overall mean risk rating by Victorian participants, may 
reflect the familiarity of water utility personnel with residential recycled water schemes, 
with these personnel being involved in all stages of scheme planning, development and 
implementation. There is a greater number of schemes in Victoria than other states, with 
over seven operational schemes at present and plans to significantly expand the service 
area (West et al. 2016). The success of recycled water schemes in Victoria is likely a 
result of the drive by water utilities to adopt innovative technologies, in addition to 
substantive political backing and regulatory support (Ferguson et al. 2013). In Victoria, 
water utilities have the authority to mandate dual piping in residential developments (Yarra 
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Valley Water 2015, Infrastructure Victoria 2016), which is not the case in New South 
Wales or Queensland. In Queensland, government agencies have moved from supporting 
schemes to mandating that recycled water schemes will no longer be considered in 
residential developments (Gold Coast City Council et al. 2013, Radcliffe 2015). It is 
important to note again that the survey results from New South Wales do not represent the 
opinions of private water utilities which are driving the development of residential recycled 
water schemes in New South Wales. Only one survey participant was from a regulatory 
agency in Victoria, and hence the survey results also do not reflect the opinions of 
Victorian regulators.  
The survey results demonstrate the relevancy of residential recycled water schemes for 
diversifying and improving water supply security and reducing wastewater effluent 
discharge and pollutant load to waterways. The results also highlight the intangible 
objectives which are attributed to residential recycled water schemes, namely to contribute 
to sustainable urban development, to improve community participation and involvement in 
decision-making and to build stakeholder confidence in water recycling. Projects with 
intangible objectives, or soft projects, require qualitative approaches to the definition and 
evaluation of success measures (Crawford and Pollack 2004). Crawford and Pollack 
(2004) suggest that, in managing soft projects, emphasis should be placed on negotiation 
and accommodation between stakeholders, the subjective interpretation and judgment of 
qualitative data and on learning and exploration as opposed to strictly defined, quantitative 
project goals. 
5.4.2 Risks to the long-term viability of residential recycled water schemes 
The survey outcomes illustrate that the greatest risk to the long-term viability of residential 
recycled water schemes at present is the inability to demonstrate an incontestable 
business case. Since the Millennium Drought ceased in 2012, Government grants have 
significantly declined and capital and borrowing constraints have been imposed on water 
service providers (Marsden Jacob Associates 2013). Non-potable recycled water schemes 
are costly in comparison to conventional services (Marsden Jacob Associates 2013, 
Utilities Science and Innovation Committee 2015, Roefs et al. 2016), with costs 
exacerbated when other risk factors arise, namely a fall in demand or changes in 
regulatory requirements (Marsden Jacob Associates 2013, West et al. 2016). Additionally, 
unanticipated capital costs and unanticipated operational costs, also identified by survey 
participants as critical risk factors, have arisen in numerous schemes due to a lack of data 
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necessary to inform accurate cost estimates at the planning stage (Utilities Science and 
Innovation Committee 2015, West et al. 2016). In general, information on the risk and 
returns of water infrastructure investments is lacking (Jin et al. 2015), and this especially 
the case for innovative and alternative water schemes. The premature decommissioning of 
some schemes has caused practitioners to reassess the financial viability of residential 
recycled water schemes, in turn influencing organisational risk perception and approval of 
the business case (Taylor et al. 2011, Marsden Jacob Associates 2013, West et al. 2016). 
Additionally, the inability of scheme stakeholders to agree on and quantify the intangible 
benefits of schemes, and to allocate costs between stakeholders based on beneficiaries, 
poses a challenge to the development of a robust and incontestable business case 
(Marsden Jacob Associates 2013).  
The political and regulatory environment of residential recycled water schemes was rated 
as a critical risk source, comprising the risk factors: change in government, regulatory 
requirements, regulatory pricing policy and approval process. This risk source has been 
ranked consistently high for public sector initiatives (Commonwealth of Australia 2010), 
industries and projects (Cheung and Chan 2011, Holburn 2012, Luis et al. 2015) and 
infrastructure investment in both emerging and developed markets (World Economic 
Forum 2015). Change in government is a significant concern for infrastructure investors as 
the length of the asset lifetime, contractual relationships and payback period for 
infrastructure investments far exceeds the political term (World Economic Forum 2015).  
Regulatory requirements and approval process were rated higher by local government 
participants than water utility participants. Local government participants differed from 
water utility participants in that they had experience with stormwater harvesting and reuse 
schemes independently from wastewater treatment and recycling schemes. As a result, 
the higher risk rating by local government participants may represent challenges 
associated with regulatory requirements and gaining approval for stormwater harvesting 
and reuse schemes.  
Of interest are the higher risk and impact ratings by regulatory participants in comparison 
with other participant groups. While caution needs to be adopted in the interpretation of 
these results due to the small sample size of regulatory participants (n = 6), the survey 
results show clear trends in the ratings. In particular, large variances in the ratings of 
unanticipated operational cost, public health risk, assessment and design, environmental 
value and environmental health risk were noted. Despite minimal adverse environmental 
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or public health impacts to date in Australia (West et al. 2016), the perception of 
environmental and public health risks held by regulators remains high, in turn influencing 
the over-design of schemes and the over allocation of capital and operational expenditure 
(Institute for Sustainable Futures 2013d). Marsden Jacob Associates (2013) suggest that 
the differing opinions of regulators, private water utilities and public water utilities with 
respect to commercial and risk related aspects of residential recycled water schemes has 
introduced complexity to the decision-making process and caused proponents to revert to 
more conventional solutions in some cases. It is interesting to note that regulatory 
participants recognise the risk of regulatory requirements, change in government and 
approval process to the long-term viability of residential recycled water schemes, with 
regulatory participants rating these factors as high risk.  
Organisational change was rated by survey participants as a critical risk factor (high 
likelihood/high impact ratings) and has occurred historically with associated impact to the 
timing and cost of recycled water scheme delivery (Brace and Fahrner 2009). The 
enhanced experience of Victorian water utilities in the planning, implementation and 
operation of residential recycled water schemes may be reflected in the statistically lower 
risk level rating of optimism bias and organisational change. Increased knowledge and 
experience is likely to reduce the impact of organisational change and result in improved 
decision-making with respect to alternative water schemes. 
Equity of access was rated as low likelihood/low impact, which may suggest that 
residential recycled water scheme practitioners do not believe that the equitable provision 
of recycled water services is as important as other risk factors. Although this may not be a 
significant factor at present, there is potential for equity of access to be desired by the 
community (Mankad et al. 2015), whose opinions are not represented in this study, and 
required by the government in the future (Productivity Commission 2014). Reid (2012) 
suggests that maintaining social justice will aid in mitigating the impact of the politicisation 
of public sector decision-making, of which rights, equity, participation and access to 
government services comprise social justice.  
5.4.3 Critical risk factors 
Table 5-2 presents a comparison of the historical risks identified in West et al. (2016) and 
current critical risk factors identified through the survey questionnaire.    
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Table 5-2: Historical and current risks to the long-term viability of residential recycled 
water schemes 
Risk source Historical risks Current risks 
Physical Climate change/climate 
variability 
Climate change/climate 
variability 
Social Customer complaints & 
expectations not met1 
Community risk perception 
Political & regulatory  Regulatory requirements1 
Approval process1 
Regulatory requirements 
Change in government 
Approval process 
Regulatory pricing policy 
Implementation & 
operation 
Organisational change Organisational change 
Organisational risk perception 
Fall in demand 
Public health risk 
Technology risk 
Fall in demand 
 
Financial & economic Reduction in water price 
Reduction in developer 
charges 
Unanticipated capital costs 
Unanticipated operational 
costs1 
Inability to demonstrate 
incontestable business case 
Unanticipated capital costs 
Unanticipated operational 
costs 
Legal & contractual Legal & contractual 
arrangements1 
 
1 defined as critical risk factors in West et al. (2016) 
Table 5-2 illustrates that the current opinion of risk held by experienced practitioners does 
not differ significantly to that observed historically, excepting legal and contractual risk 
factors. Historically, challenges with legal and contractual arrangements were found to 
occur prior to commissioning or at handover of the recycled water scheme to a public 
entity, with the impact predominately felt by the private stakeholder (West et al. 2016). As 
few developers or private water utilities participated in the survey, the risk rating may 
reflect the lower opinion of impact perceived by public water utilities. While legal and 
contractual arrangements may not pose a significant risk to public proponents, these risk 
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factors may be a deterrent to private investment in residential recycled water schemes. It 
is interesting to note that regulatory participants rated inability to agree on contractual 
terms as high impact, while other participants rated the risk as medium to low impact. This 
may be a reflection of the experience that regulators have with private water utilities and 
urban developers.    
Although other soft risk factors, including community risk perception, organisational 
change and organisational risk perception, were identified historically, the impact of these 
factors was challenging to assess and quantify through investigation of the historical 
performance of schemes. The survey results indicate that these risk factors are considered 
as critical to the long-term viability of residential recycled water schemes, thereby 
reiterating the notion that the collection of expert opinion is an effective approach to 
increasing the body of knowledge where historical information is limited.  
The impact of public health risk was rated as high by regulatory participants, although 
historically there has been low to minimal impact to public health despite the occurrence of 
cross-connections in at least six residential recycled water schemes (West et al. 2016). 
Regulatory participants also rated environmental value and environmental health risk as 
high and medium, respectively, although adverse environmental impacts have been low to 
minimal to date (West et al. 2016). The experience of regulatory participants, based on 
number of years’ experience in the water sector and number of residential recycled water 
schemes, was slightly less than that of water utility participants. The higher risk and impact 
ratings by regulatory participants may be reflective of the level of experience, although 
these results should be interpreted with caution due to the small sample size (n = 6). 
5.4.4 Recommendations for improved project risk management 
The historical and current critical risk factors influence the ability of proponents to 
demonstrate an incontestable business case for residential recycled water schemes, and 
hence improved management of these factors would likely improve the potential for 
business case approval. As stated by survey participants, agreement between 
stakeholders on the intangible benefits of residential recycled water schemes, and 
quantification of these benefits, is required. As far as practicable, intangible benefits 
should be incorporated in the cost benefit analysis undertaken to support the business 
case for residential recycled water schemes (Marsden Jacob Associates 2013, Building 
Queensland 2016a). The sharing of costs between stakeholders, as opposed to the water 
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utility bearing majority of costs, would aid in reducing the financial burden on water utilities 
and improving the likelihood of business case approval.  
Atkinson et al. (2006) recommend that, for projects with qualitative objectives, 
performance evaluation frameworks should be developed that match the complexity of the 
project, recognise the different perspectives of stakeholders and consider the varying 
definitions of project ‘success’. Regular reporting to the community and project 
stakeholders on the performance of a scheme, against the performance evaluation 
framework, is required to promote understanding and to reduce the risk perceptions held 
by various stakeholders. Additionally, the water sector would benefit from the adoption of 
improved contingency planning, handover processes and procedures to minimise the 
impact of organisational change on the successful delivery of residential recycled water 
schemes. 
By adopting sense-making and value management practices, a balance may be achieved 
between meeting project objectives and the magnitude of resources required to do so 
(Thiry 2002). Sense-making and value management will also aid in accounting for the 
variance in objectives held by the different stakeholders involved in the planning, 
implementation, regulation and operation of residential recycled water schemes (Crawford 
and Pollack 2004).  
A balance should be sought between the fostering of innovative and efficient water 
services and the regulation of such services. The World Economic Forum (2015) state that 
robust regulation and contracts, stability of laws and regulation, reliable and efficient 
administration and reliable dispute-resolution mechanisms are required to manage political 
and regulatory risks associated with public sector infrastructure investment. In the case of 
residential recycled water schemes, further evidence should be provided to regulatory 
agencies to demonstrate that public health, assessment and design, environmental value 
and environmental health risk have been low to date.  
A more pragmatic approach to the design of schemes, with respect to the level of 
treatment and scheme capacity, would aid in reducing the capital and operational costs of 
residential recycled water schemes. Staging of schemes, or varied levels of service, may 
reduce the risk associated with a fall in demand. Schemes should be designed on the 
basis of regulatory requirements, rather than risk perceptions (Institute for Sustainable 
Futures 2013d), to reduce excess expenditure pertaining to non-essential treatment steps 
and subsequent over-treatment.    
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5.4.5 Study limitations 
The research outcomes were limited by the number of regulatory, local government, urban 
developers and private water utility participants. An enhanced understanding of regulatory 
risk opinions would enable revision or confirmation of the study findings and would aid the 
development of targeted measures for addressing these concerns. Gaining further insight 
to the opinions of private water utilities, and the challenges that they face in the 
development and implementation of residential recycled water schemes, would be highly 
valuable.  
The risk assessment component of the survey was formulated to represent an industry 
standard risk assessment. Additionally, a Likert-style scale was adopted in the study to 
ensure a consistent and industry standard approach to the rating of risk factors (Baxter et 
al. 2015). While this facilitated the understanding of likelihood and impact ratings by 
industry practitioners, it also introduced limitations to the study outcomes. Weaknesses 
inherent to Likert scales include central tendency bias and acquiescence bias (Choi and 
Pak 2005). An alternative approach to the rating of critical risk factors may have comprised 
the ranking of risk factors by expert practitioners, rather than rating on the basis of 
likelihood of occurrence and impact on objectives. However, this differs to the traditional 
risk assessment approach familiar to the water sector and may have introduced confusion 
and complexity. As the focus of the study was on ranking risk factors, rather than obtaining 
an explicit, quantitative rating of risk, we believe that the survey design is adequate and 
effective.   
In developing the online survey, impacts to conventional infrastructure (risk factor 21), was 
unintentionally overlooked and the criticality of this risk factor was not assessed. Survey 
participants did not suggest this as an additional risk factor which may imply that the risk 
factor is not critical at present. Given the rating of organisational risk factors, namely 
organisational change and organisational risk perception, it would be prudent to further 
investigate organisational risk with respect to residential recycled water schemes. 
Specifically, assessment of the capacity of an organisation to effectively develop and 
implement residential recycled water schemes would be of benefit.  
5.5 Conclusion 
To aid the assessment and planning of residential recycled water schemes, the research 
study sought to develop an improved understanding of scheme objectives and to further 
define the critical risks to the long-term viability of schemes. A national survey of 88 
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experienced practitioners identified that over 70% of participants agreed or strongly agreed 
that residential recycled water schemes are important for meeting sustainable urban water 
management and/or sustainable urban development objectives. On the basis of 
practitioner opinion, residential recycled water schemes are considered to be highly 
relevant for diversifying and improving water supply security, reducing wastewater effluent 
discharge and pollutant load to waterways and contributing to sustainable urban 
development.  
At present however, the inability to demonstrate an incontestable business case is posing 
a significant risk to the long-term viability of residential recycled water schemes. This risk 
factor is influenced by political and regulatory, organisational, and financial and economic 
risks, in addition to community risk perception, fall in demand and climate change/climate 
variability. The survey results shed further light on the regulatory environment of residential 
recycled water schemes, with regulatory participants predominately rating risk and impact 
higher than other survey participants. To aid in reducing judgment of risk, it is 
recommended that further evidence is provided to regulatory agencies to demonstrate that 
public health, assessment and design, environmental value and environmental health risk 
associated with residential recycled water schemes has been low historically.  
In correlation with historical knowledge, the survey proved effective in defining the 
objectives of residential recycled water schemes and the critical risks to the long-term 
viability of schemes. To improve the assessment and planning of schemes, the 
quantification of intangible benefits and the improved management of soft risk factors are 
recommended. Specifically, the development of performance evaluation frameworks which 
reflect the intangible benefits of schemes, the appropriate distribution of benefits, costs 
and risks between scheme stakeholders and the development of contingency planning and 
handover processes for managing organisational change are recommended. 
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CHAPTER 6: INTEGRATED PROJECT ASSESSMENT AND RISK 
MANAGEMENT FRAMEWORK 
Abstract 
A robust project assessment process is fundamental to the long-term success of an 
infrastructure investment decision. In recent years, the Australian water sector has been 
criticised for inadequate project decision-making and over-investment in inefficient water 
services, namely large desalination plants and recycled water schemes (Productivity 
Commission 2011). To aid water infrastructure decision-making, the research study sought 
to develop an integrated project assessment and risk management framework for 
residential recycled water schemes. The framework provides a step-by-step approach to 
project assessment in which the critical risks to the long-term viability of residential 
recycled water schemes are addressed in an integrated manner. The framework highlights 
the importance of improved organisational and stakeholder engagement processes; robust 
data collection, management and dissemination practices; and the integration of project 
management and change management competencies in the planning and delivery of a 
residential recycled water scheme. The research findings provide purposeful risk 
management practices which are derived from practitioner experience, triangulated with 
project and risk management scholarship and validated through practitioner review. 
6.1 Introduction 
Public infrastructure investment in Australia has undergone intense scrutiny in recent 
years as a result of perceived inadequate project selection and wasted expenditure 
(Productivity Commission 2014). The urban water sector in particular has been criticised 
for over-investing in water services during the Millennium Drought (1997 – 2010), with 
questions raised as to the robustness of decision-making processes and inefficient 
outcomes associated with significant government funding (Productivity Commission 2011). 
Specifically, the decision to invest in large desalination plants and recycled water projects, 
rather than lower cost sources of water and rural-urban trade arrangements, has been 
questioned (Productivity Commission 2014). Subsequently, the urban water sector is 
facing a challenging period. With continued population growth, projected increased climate 
variability, increasing customer expectations (Australian Water Association 2016), reduced 
funding and substantial water utility debt (WSAA and IPA 2015), the Australian urban 
water sector will need to make efficient and prudent investment decisions in the future. 
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Adding to the decision-making challenge is the diversification of urban water services - 
from centralised, conventional infrastructure to integrated services comprising desalination 
plants, recycled water schemes, decentralised alternative water services and demand-side 
strategies. Different delivery arrangements for provision of integrated services are required 
- options may be implemented at varying scales, comprise different sources of water, 
adopt fit for purpose applications, utilise varying infrastructure for storage and treatment 
and be delivered by a diversified portfolio of stakeholders (Mitchell 2004).  
Water sector practitioners continue to debate the importance and effectiveness of 
residential recycled water schemes for achieving positive long-term environmental, social 
and economic outcomes. The performance of schemes has been impacted by an array of 
factors which have arisen during the development and operation of schemes (West et al. 
2016). As a result, residential recycled water services have been prematurely 
decommissioned (West et al. 2016) and some water utilities have stipulated that third-pipe 
schemes will not be considered as an alternative water service for residential 
developments (Gold Coast City Council et al. 2013, Radcliffe 2015). Consequently, the 
inability to demonstrate an incontestable business case is the greatest risk at present to 
the long-term viability of residential recycled water schemes (West et al., 2017).  
Despite significant challenges, the development of recycled water schemes has 
undoubtedly aided the rapid progression towards sustainable urban water management, a 
strategic objective of urban water utilities (Ferguson et al. 2013, Radcliffe 2015). The 
implementation of schemes facilitated significant learning and knowledge development 
within the water sector and promoted collaboration between multiple stakeholders 
(Institute for Sustainable Futures 2013a). A recent study commissioned by Yarra Valley 
Water identified that the water utility has offset approximately AUD$380,000 of 
environmental impact on an annual basis through the recycled water network and 
subsequent avoided water abstraction (Tucost and Advisory 2016). The strategic benefits 
of recycled water schemes, namely to promote sustainable water management, build 
resilience to climate variability and reduce the reliance on conventional infrastructure, have 
also been highlighted in Victoria’s 30-year Infrastructure Strategy (Infrastructure Victoria 
2016). The Strategy recommends the increased uptake of recycled water through third-
pipe schemes, in addition to consistent investment in stormwater harvesting and improved 
governance arrangements in the water sector (Infrastructure Victoria 2016).  
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Given the strategic benefits of recycled water schemes, it may be premature to discount 
residential schemes entirely from the urban water service portfolio despite the challenges 
encountered to date. Rather, improvements should be made to the project assessment 
process and to the development of a strategically sound business case which adequately 
addresses risk and uncertainty (Infrastructure Australia 2016b). The potential to reduce 
uncertainty and risk is greatest in the initial stages of a project when the choice of concept 
is made (Samset and Volden 2016). Too often, however, significant resources are 
allocated to detailed planning and engineering rather than ensuring that the right solution 
is selected from the start (Priemus 2008). The implementation of a robust project 
assessment process, which comprehensively addresses risk and uncertainty, is 
fundamental to ensuring that the project design and performance meets the needs of the 
project stakeholders and wider community in the long-term (Rajaram et al. 2014, Samset 
and Volden 2016).  
Consequently, this research study presents a project assessment framework that 
incorporates critical risks to the long-term viability of residential recycled water schemes in 
an integrated manner. The framework was developed utilising the experience and 
knowledge of practitioners to guide risk management recommendations, with triangulation 
achieved through project and risk management scholarship and validation achieved 
through practitioner review. The framework is designed to enable risk management to 
inform, and be informed by, each step in the project assessment process (Building 
Queensland 2016a).   
6.2 Research method 
A practice-oriented multiple-case study approach (Dul and Hak 2009, Yin 2009) was 
adopted for the research study, involving collection and analysis of primary and secondary 
data to draw insights for integrated risk management at the project assessment stage. The 
research design is illustrated in Figure 6-1.  
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Figure 6-1: Research design (based on Yin (2009)) 
6.2.1 Case selection 
For the purpose of this research study a residential recycled water scheme is defined as: 
the provision of treated stormwater, greywater and/or wastewater through a third-pipe 
system for non-potable residential use comprising toilet flushing, cold washing machine, 
garden watering, car washing and/or other non-potable outdoor use.  
Twenty-one residential recycled water schemes in various states of Australia were 
investigated by West et al. (2016) to define critical risk factors on the basis of historical 
occurrence and impact on scheme objectives. To maintain consistency, an attempt was 
made to investigate the twenty-one schemes with respect to the risk management 
measures adopted historically and the recommended risk management measures of 
expert practitioners. The collection of primary and secondary data enabled the analysis of 
17 recycled water schemes in total.  
6.2.2 Data collection, analysis and validation 
Secondary data sources were collected for each scheme and comprised organisation 
reports, government reports, research reports and academic literature. Single-case study 
reports provided rich information on the risks encountered in the development and 
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implementation of schemes and the key learnings with respect to risk management 
practices. 
Primary data was collected through in-depth, semi-structured interviews which were 
conducted with eight practitioners, representing nine schemes. The personnel comprised 
project managers and operations managers: two private water utility representatives, two 
local government representatives and four public water utility representatives. In each 
interview, structured questions pertaining to the scheme context, the nature of the risk 
factors, the management measures adopted and the recommended risk management 
measures were addressed. Dependent on the nature of the responses to the structured 
questions, additional questioning of a semi-structured nature was undertaken to obtain 
further insight. Emerging risks to the long-term viability of residential recycled water 
schemes were also discussed.  
The collation of primary and secondary data enabled the analysis of 17 case studies in 
total. A database was developed in which the management measures adopted or 
recommended for each critical risk factor were tabulated based on the findings for each 
scheme. Where the adopted or proposed management measure for a single critical risk 
factor was reported for more than two schemes, the management measure was retained 
as a recommendation. Where the adopted or proposed management measure for a critical 
risk factor was reported in only one scheme, the measure was excluded as a 
recommendation unless verified through further literature review.  
The project assessment framework was developed in accordance with local, state and 
federal government guidelines and tailored for application to residential recycled water 
schemes based on the recommended measures for addressing critical risk factors. The 
guidance frameworks comprised the Infrastructure Australia Assessment Framework 
(2016b) and the Building Queensland Business Case Development Framework (2016b). 
Academic and grey literature on project assessment, project management and risk 
management for water infrastructure and public sector projects were reviewed and 
relevant information utilised to inform components of the project assessment framework.   
External validity (Yin 2009) of the findings from the 17 case studies was conducted 
through a validation focus group with 11 water sector practitioners who have direct 
involvement in the development and/or implementation of a residential recycled water 
scheme, or multiple schemes. The 11 practitioners were from the same organisations as 
that of the interview participants, though were mutually exclusive to the interview 
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participants (excepting one). This enabled review of the critical risk factors and the 
proposed risk management measures by competent personnel who were independent to 
those who provided the research data. The narrative findings from the focus group were 
provided back to the participants for member checking (Creswell and Miller 2000). In the 
final stage of the research study, the project assessment framework was reviewed by two 
personnel with long-standing experience in the Australian urban water sector.   
6.3 Research findings 
6.3.1 Critical risk factors 
The historical, current and emerging critical risks to the long-term viability of residential 
recycled water schemes are presented in Table 6-1.   
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Table 6-1: Timeline of risks to the long-term viability of residential recycled water schemes 
Historical risks1 Current risks2 Emerging risks3 
Organisational risks 
Organisational change Organisational change 
Organisational risk 
perception 
Organisational change 
Inefficiency and duplication 
Data collection and 
management 
Stakeholder risks 
Customer complaints  
Customer expectations 
Community risk perception Customer expectations 
Stakeholder engagement 
Legal & contractual 
arrangements 
Legal & contractual 
arrangements 
Delivery model 
Legal & contractual 
arrangements  
Regulatory requirements 
Approval process 
Regulatory requirements 
Change in government 
Approval process 
Regulatory requirements 
Change in government 
Approval process 
Technical risks   
Climate change/climate 
variability 
Climate change/climate 
variability 
Climate change/climate 
variability 
Fall in demand 
Technology risk 
Cross-connection 
Fall in demand 
 
Salt accumulation 
Cross-connection 
Financial and economic 
 
  
Unanticipated operational 
costs 
Unanticipated capital costs 
Regulatory pricing policy 
Reduction in developer 
charges 
Incontestable business 
case 
Regulatory pricing policy 
Unanticipated capital costs 
Unanticipated operational 
costs 
Incontestable business 
case 
Regulatory pricing policy 
 
1 West et al. (2016) – terminology has been modified in some cases for consistency and clarity  
2 West et al. (2017b) – terminology has been modified in some cases for consistency and clarity 
3 Practitioner interviews  
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6.3.1.1 Organisational risk 
In the context of residential recycled water schemes, organisational risk comprises the 
culture and capacity of the organisation, organisational change and organisational risk 
perception. The risk of organisational change, specifically organisational restructuring and 
movement of staff, has occurred historically with associated impact to the timing and cost 
of recycled water scheme delivery (Brace and Fahrner 2009). Water utilities and local 
government have invested significantly in capacity building for staff (Davis and Farrelly 
2009), employment of additional staff and in administrative processes to develop and 
implement residential recycled water schemes (Institute for Sustainable Futures 2013a).  
Organisational risk perception relating predominately to the treatment technology 
performance (Farrelly and Davis 2009a) and reputational concerns associated with cross-
connection incidents (Taylor et al. 2011), has led to the over-design of schemes. Scheme 
over-design has in turn led to sub-optimal plant performance and increased costs (Institute 
for Sustainable Futures 2013d), especially in combination with a fall in demand. As urban 
water services continue to change and diversify, it is likely that challenges associated with 
organisational change and organisational risk perception will continue to persist.  
Emerging project management risks relate to duplicated effort and data collection and 
management processes. Poor data management increases the potential for duplication, 
exacerbates the impacts of organisational change and reduces stakeholder confidence. 
Water sector practitioners stated that, rather than utilising knowledge and information 
sources developed previously, water utilities are ‘reinventing the wheel’ each time a 
scheme is planned and delivered. Subsequently, efficiencies in resourcing, timeframes 
and expenditure have not been achieved to date.  
6.3.1.2 Stakeholder risk 
A range of stakeholders are involved in the development and implementation of residential 
recycled water schemes, including the community and regulatory agencies. For schemes 
in which limited community engagement was undertaken, challenges with customer risk 
perceptions and customer complaints ensued. Challenges have also arisen through 
overpromising and under delivering in the provision of residential recycled water schemes. 
For schemes which have been prematurely decommissioned or delayed in commissioning, 
the customer expectations have not been met resulting in reputational damage and 
reduced stakeholder confidence (West et al. 2016).  
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West et al. (2016) identified that risk factors arising from legal and contractual 
arrangements were the predominant cause of a delay in scheme commissioning. In some 
cases, key stakeholders were not consulted until later stages of the project, resulting in 
conflict between stakeholders, change in project objectives and subsequent delay in 
scheme commissioning. For three residential recycled water schemes, the delay was 
indefinite with impacts to reputation and stakeholder confidence (West et al. 2016).  
In the early stages of scheme development, the range of project stakeholders contributed 
to the capital costs of recycled water schemes. In later years, federal government grants 
significantly declined and changes in economic regulation, namely a reduction in water 
price and developer contributions, reduced the ability for water utilities to recoup capital 
costs (West et al. 2016). Subsequently, water utilities are now responsible for the majority 
of scheme expenditure, with cost recovery possible through income and capped tariffs 
only. Additionally, water utilities are responsible for risk management pertaining to 
residential recycled water schemes, although the beneficiaries of scheme development 
comprise the recycled water user, the broader community, the land developer and local 
government (Marsden Jacob Associates 2013).  
While the regulatory process associated with recycled water schemes has become easier 
to navigate, inconsistencies in regulation and delays in the approval process continue to 
pose challenges (Marsden Jacob Associates 2013). Conflicting priorities and resourcing 
constraints of regulatory agencies have resulted in increased delays in the approval 
process for residential recycled water schemes. As a result, developers are specifying 
termination clauses in the contractual agreements with private water utilities, posing a 
significant financial risk to the private utility. As new issues are raised and water services 
diversify, recycled water regulation continues to change, resulting in increased 
expenditure. Consequently, the high uncertainty associated with regulatory requirements 
and the approval process has become a deterrent to recycled water scheme investment.  
As stakeholder expectations continue to increase and ownership arrangements diversify, 
the management of risks arising from stakeholder expectations, stakeholder change and 
change in project objectives will need to be carefully managed. 
6.3.1.3 Technical risk 
Technical risk relates to physical and operational factors with the potential to impact the 
technical performance of schemes. Climate change/climate variability is an ongoing risk 
factor which has the potential to impact the water quality and quantity characteristics of the 
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influent water stream and the end-use demand profile. Challenges have arisen historically 
in the commissioning and operation of stormwater harvesting schemes due to variable 
water quality and uncertainty associated with catchment yield. As further schemes are 
developed with climate-dependent components, the uncertainty associated with climate 
change/climate variability will need to be adequately assessed.  
The staging of recycled water schemes was not adequately considered in the past and 
schemes were oversized due to risk perception and an organisational culture of 
conservatism. Subsequently, water utilities have improved the understanding of end-use 
demand through improved data collection processes and have made significant progress 
towards optimising the design and operation of recycled water schemes. As water utilities 
continue to gain experience in the design and operation of schemes, challenges 
associated with climate variability, water quality variability and variable demand will 
decrease, allowing for a reduction in operating costs. However, the additional costs of 
managing combined conventional and distributed systems, in addition to the costs 
associated with designing redundancy into combined systems, will continue to require 
optimisation.  
Cross-connection incidents continue to pose a risk to public health, to stakeholder 
confidence and to the reputation of the water utility. Recycled water is treated to a very 
high standard in Australia, thereby significantly reducing the risk to public health. 
Practitioners suggested, however, that should a public health incident occur, the 
reputational damage would likely result in an embargo on all schemes. 
The salinity concentration of wastewater and the potential for salt build-up in the recycled 
water system is an emerging risk. Meeting the salinity targets for recycled water is often 
challenging, with some treatment facilities requiring an additional reverse osmosis 
component. The design of future schemes will need to consider the risk of salt build-up in 
the recycled water system.  
6.3.1.4 Financial and economic risk 
Various challenges in the development and implementation of residential recycled water 
schemes have led to schemes being decommissioned on the basis of unanticipated 
expenditure and inadequate achievement of benefits (West et al. 2016). The inadequate 
achievement of benefits arose through the overstatement of benefits at the project 
assessment stage and through development and implementation challenges which 
reduced the ability to achieve anticipated benefits. Optimising scheme design and 
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operation will enable costs to be reduced and benefits to be increased; however, 
demonstrating an incontestable business case at present is challenging due to the 
regulatory pricing policy, cost allocation process and the lack of data available to inform 
the value proposition. The avoidance or delay of expenditure associated with conventional 
infrastructure is a primary objective of residential recycled water schemes. However, the 
long-term costs associated with the urban water system, and therefore the avoided costs 
achieved through alternative water service provision, are uncertain. The fundamental data 
required to develop a value proposition is not available at present posing a significant risk 
to the long-term viability of residential recycled water schemes. As stated by a water utility 
interviewee: “Knowledge going forward would be very useful; we know it’s a challenge to 
design systems around costs”. 
To date, a consistent approach to the financial assessment of recycled water schemes, 
and to the development of a robust and transparent business case, has not been adopted. 
Different stakeholders utilise different economic frameworks to assess the cost and 
benefits to the organisation, as opposed to the total economic costs and benefits to the 
State (Dandy et al. 2013). A review of integrated water management studies, undertaken 
by Melbourne Water (2015), identified the following limitations in the reported cost-benefit 
analysis: 
• Majority of water service options assessed were designed to achieve different 
objectives, the benefits of which were not adequately incorporated within the cost-
benefit analysis;  
• Cost components were expressed differently in each study and the basis for cost 
estimations varied;  
• The definition of the business as usual (BUA), or base case, differed between 
studies; and  
• The discount rate and period of analysis utilised to estimate net present value 
(NPV) differed in each study.  
The inconsistent basis against which the project options were assessed made it 
challenging to effectively compare the performance forecasts for each option and to 
assess the validity of the assessment approaches adopted (Melbourne Water 2015).  
While some regulation supports innovation and alternative water service provision, 
economic regulation stifles innovation by pricing water lower than that necessary to 
recuperate costs. Economic regulation is locking utilities into least cost, short-term 
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solutions which may ultimately lead to long-term, higher costs. Exacerbating these 
challenges is the reduction in developer charges, reduced government funding and water 
utility debt. Demonstrating a viable business case will be dependent on improved 
approaches to assessing the financial and economic performance of schemes, improved 
processes for capturing benefits and costs and the appropriate apportionment of costs 
between beneficiaries.  
6.3.2 Project risk management 
6.3.2.1 Organisational risk management 
High levels of organisational commitment and buy-in from different levels of the 
organisation are required to facilitate the effective delivery of recycled water projects. To 
minimise duplication and wasted effort, sharing of resources and knowledge between the 
project team and organisational units is required. Management systems and procedures 
for the efficient delivery of recycled water projects are required. The procedures should 
address the collection, management and dissemination of data to ensure that public 
information is aligned with contractual and regulatory requirements and that knowledge 
and learning is retained by the organisation. To manage organisational change, improved 
contingency planning, handover processes and procedures are required.  
Inherent risk perceptions held by the organisation should be identified and questioned, 
specifically with respect to the impact that the risk perception may have on the project 
success. As stated by a water utility interviewee: “We are creating a new system, 
fundamentally quite similar to conventional systems but there are different risks and the 
way that we are assessing those risks is much harsher than that of drinking water”.  
Table 6-2 summarises the organisational risk management measures recommended by 
residential recycled water scheme practitioners. 
Table 6-2: Practitioner recommended organisational risk management measures 
Collaboration 
 
Communication, sharing information and pooling 
resources across organisational units 
Commitment and leadership Strong leadership and commitment at different 
organisational levels and between organisational units 
Organisational structure Structured organisational units and clearly defined 
roles and responsibilities 
Project management Consistent project management and a dynamic project 
team  
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Change management Improved contingency planning, handover processes 
and procedures 
Information alignment & 
dissemination 
Collection, management and dissemination of 
information which aligns with contractual 
arrangements, regulatory requirements and project 
objectives 
Risk perception management Improved awareness of inherent risk perceptions and 
impact on project outcomes 
 
6.3.2.2 Stakeholder risk management 
Table 6-3 summarises the stakeholder risk management measures recommended by 
residential recycled water scheme practitioners. Effective stakeholder engagement and 
transparent decision-making are essential to maintaining stakeholder relationships. 
Regular reporting to the community on the performance of a scheme is required to enable 
understanding and to promote accountability and transparency in the urban water sector. 
As stated by a water sector interviewee: “The key to managing customer expectations is 
being on the front foot and being upfront with your current and future customers”. 
Improvements to the stakeholder engagement process, the delivery model selection and 
the legal and contractual arrangements with stakeholders are paramount to managing 
relationships and the risks that arise from a multiple stakeholder process. The early 
identification of key stakeholders, the development of strong stakeholder relations and a 
dynamic project team to follow the project through from inception to completion, are 
fundamental to the success of a recycled water project. While collaboration may be more 
time consuming, it is necessary where multiple stakeholders and organisational units are 
responsible for the delivery of varying project objectives (Samset 2008). 
The development of a relationship with the regulator should commence at the project 
assessment stage to ensure that the regulatory requirements and approval process are 
adequately defined. The long-term viability of recycled water schemes is dependent on 
improvements to the political and regulatory processes, as follows:  
• commitment to policy that is less likely to fluctuate between governments; 
• clarification on unclear and inconsistent regulation; 
• clarification on overly stringent or onerous regulation; and 
• clear and consistent regulation across projects and jurisdictions. 
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In some cases, industry practitioners who have a good working relationship with the 
regulator have been notified early of potential regulatory change and have designed the 
recycled water scheme on the basis of future regulation and targets. Practitioners stated 
that regulatory credit may be available for organisations who have demonstrated capability 
in the development and implementation of recycled water schemes, in good record 
keeping and in the provision of high quality water services. 
Table 6-3: Practitioner recommended stakeholder risk management measures 
Defined needs and 
expectations  
Early engagement with stakeholders to identify needs, 
wants and expectations 
Collaboration Strong collaboration, commitment and sharing of 
information between stakeholders 
Expectation management Fostering realistic expectations throughout the project 
life-cycle 
Project management Consistent project management and a dynamic project 
team  
Defined roles and 
responsibilities 
Clearly defined roles and responsibilities that are 
agreed upon by all stakeholders 
Information alignment & 
dissemination 
Collection, management and dissemination of 
information which aligns with stakeholder expectations 
and contractual arrangements 
Allocation of benefits, costs 
and risks 
Development of processes for benefit capture and 
principles for the allocation of benefits, costs and risks 
Change management Contingency planning for political and regulatory 
change, organisational change and stakeholder 
change  
 
6.3.2.3 Technical risk management 
In the assessment of future schemes, consideration should be provided to the role of the 
recycled water system in the broader urban water system - is the role of a recycled water 
scheme to provide 100% reliability of supply or to be utilised only as a top-up source to 
potable supply? Urban transitioning, including changing lot and house sizes, population 
growth and urban diversification, should be considered with respect to the ability of the 
scheme operations to adapt to such changes. Changes in the contextual environment of a 
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scheme may have a positive or negative impact on the value proposition of a scheme. Key 
consideration should be provided to efficient design, operational optimisation and to the 
streamlining of on-going maintenance and management requirements. Table 6-4 provides 
a summary of the technical risk management measures proposed by residential recycled 
water scheme practitioners. 
Table 6-4: Practitioner recommended technical risk management measures 
Development of operational 
strategy 
Definition of the role of the recycled water scheme 
within the overall water supply strategy, and the 
specific operational characteristics, prior to 
commencement of design to ensure control on 
operations  
Operational optimisation Consideration to operational optimisation and 
efficiency 
Definition of levels of service Definition of realistic levels of service in accordance 
with operational strategy  
Knowledge and information 
management 
Management of knowledge and information necessary 
to enable problem solving and successful project 
delivery 
 
6.3.2.4 Financial & economic risk management 
To enable the benefits, costs and risks of schemes to be equitably distributed between 
stakeholders, an improved process for capturing project benefits and costs is required. 
Additionally, a consistent approach to the economic evaluation of water servicing options 
is required where the tangible and intangible benefits of recycled water schemes are 
logically proposed and considered in the cost benefit analysis for a scheme. Table 6-5 
summarises the financial and economic risk management measures recommended by 
residential recycled water scheme practitioners. 
Table 6-5: Practitioner recommended financial and economic risk management measures 
Economic evaluation 
framework 
Development of economic evaluation framework to be 
applied consistently across projects 
Benefit and cost capture Development of methods for effectively capturing 
project benefits and costs 
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Long-term avoided costs Improved understanding of long-term avoided costs 
Monetising intangible benefits Improved approaches to monetising intangible benefits 
 
To address the challenge of stakeholders adopting inconsistent economic evaluation 
frameworks, the Department of Environment, Land, Water and Planning Victoria 
recommend that a total servicing cost should be determined by summing all capital and 
operating expenditure, and undertaking net present value calculation over a long-term 
planning horizon (such as 50 years) with an agreed discount rate (DELWP 2016). The 
proposed approach allows all project options to be compared on a cost-benefit basis and 
further compared semi-quantitatively if the qualitative externalities can be monetised 
(DELWP 2016). At a minimum, the stakeholders should agree on the input parameters 
used to assess each project option, including the business as usual case.   
6.3.3 Project assessment and risk management framework 
Figure 6-2 presents a project assessment framework for residential recycled water 
schemes which addresses critical risks to the long-term viability of schemes in an 
integrated manner. Rather than adopting a linear, non-iterative process of risk 
identification, assessment, evaluation and management; the framework presents an open, 
cyclical, iterative, and interlinked process. Due to the magnitude of uncertainty and 
ambiguity in the assessment of residential recycled water schemes, causal relationships 
between each stage are significant and feedback and iteration is imperative.  
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Figure 6-2: Integrated project assessment and risk management framework  
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6.3.3.1 Organisational and stakeholder risk management 
The first stage of the project assessment process requires an assessment of the capacity 
of the water utility to effectively deliver the project, based on the requirements specified in 
Table 6-2. Key stakeholders should be identified and a dynamic project team developed to 
follow the project through from inception to delivery.  
To establish a common understanding of the proposed project outcomes, the objectives of 
a project should be defined in the early phases of project selection (Samset and Volden 
2016). Priemus (2008) suggests that the project team should focus on the problem, not the 
solution, and should consider how the problem might change in the short, medium and 
long-term. A problem for one stakeholder may be a solution for another; consequently a 
collaborative approach to identifying the problem and defining the project objectives should 
be adopted (Priemus 2008). The collaborative process of defining the project objectives 
increases the possibility that the selected project option will still be endorsed by all 
stakeholders at a later stage (Priemus 2008). Additionally, a collaborative approach will 
enable stakeholder needs to be effectively addressed, project benefits to be maximised 
and stakeholder confidence to be maintained.  
It is important to consider that the needs and priorities of a community, and the broader 
society, are likely to change with time. The long-term viability of a project will therefore be 
contingent on its ability to adapt to changing needs (Samset and Volden 2016). Fostering 
realistic expectations and ensuring that what is promised to the community can actually be 
delivered in the long-term are essential for maintaining reputation and stakeholder 
confidence. 
At the project assessment stage, the involvement of multiple stakeholders may introduce 
uncertainty in the definition of the project objectives, the expectations of each stakeholder, 
their roles and responsibilities and their capabilities and capacity (Ward and Chapman 
2008). A systematic approach to stakeholder uncertainty management should be adopted 
where potential challenges are identified and a workable consensus is established in the 
early stages of project assessment (Priemus 2008). Competing values should be 
addressed and the project revised or aborted if the values and objectives of stakeholders 
are unable to be aligned (Ward and Chapman 2008). As stakeholder expectations may 
change throughout the project, a review of stakeholder expectations should be undertaken 
at each stage of the project and expectations managed where they are no longer realistic 
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(Thiry 2002). Additionally, it is at this stage where the development of a process for 
organisational and stakeholder change management is required.  
Where the regulatory requirements and approval process are not adequately defined for 
the proposed project, consideration should be given to the time and cost implications of 
undefined regulation. The potential for regulatory change and the impact of such change 
on the project outcomes should be addressed as a component of the benefit and risk 
management process.  
6.3.3.2 Preliminary design 
Technical risk management is partly contingent on the ability to identify potential changes 
which might occur in the contextual environment of a scheme and to develop adaptation 
measures for managing the impact of such change. Urich and Rauch (2014b) suggest that 
most modelling approaches used to assess urban water systems are tested on a few 
scenarios only, which provides limited insight into system performance given the deep 
uncertainty of future conditions with respect to climate change, population growth and 
water demand. Infrastructure design and planning processes rely heavily on projections of 
these key parameters which often do not eventuate (Urich and Rauch 2014b). Adaptation 
strategies should be tested considering a range of potential future uncertainties, rather 
than forecasting the system performance on a few scenarios only.  
In defining project objectives and performance measures, critical consideration should be 
given to the levels of service of the recycled water scheme. Questions such as ‘what is the 
role of the recycled water schemes’, ‘what do you need it to do’ and ‘how should it be 
operated’, should be used to facilitate preliminary design of the project options. The future 
management and maintenance requirements of a scheme, and the stakeholder 
responsible for management and maintenance, should be considered in the project 
assessment process.  
6.3.3.3 Value proposition 
In the case of recycled water schemes, objectives may be long-term and non-market and 
thereby will require formulation of qualitative definitions and measures of success (West et 
al. 2017b). Atkinson et al. (2006) recommend that, for projects with qualitative objectives, 
performance evaluation frameworks should be developed that match the complexity of the 
project, recognise the different perspectives of stakeholders and consider the varying 
definitions of project ‘success’. Crawford and Pollack (2004) recommend that, in managing 
projects with soft success criteria, emphasis should be placed on negotiation and 
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accommodation between stakeholders, the subjective interpretation and judgment of 
qualitative data and on learning and exploration as opposed to strictly defined, quantitative 
project goals. 
Aligning project objectives across stakeholders will enable further benefits of recycled 
water schemes to be achieved. Research undertaken by Chih and Zwikael (2015) on 
project management for the public service supports this notion. The scholars found that a 
benefit formulation process comprising stakeholder engagement, cross-functional 
collaboration and quality assurance can improve project target benefits. In defining project 
target benefits, the scholars suggest that the project benefits should align with strategic 
objectives, have target values and timelines and be measurable and realistic (Chih and 
Zwikael 2015).  
In the assessment of risks to the long-term viability of a project, consideration should be 
given to the range of risk factors and potential impacts detailed in West et al. (2016), West 
et al. (2017a) and summarised in Table 6-1. A standardised approach to risk assessment 
should be adopted for each project option, including ‘business as usual’, to ensure 
consistency in the assessment process. An integrated approach to risk management is 
required where project, operational and strategic risks are assessed in an integrated 
manner and considered for the life-cycle of the project, rather than discrete stages only. 
When adopting management measures for specific risk factors, the associated trade-offs 
between costs, benefits and risks should be considered (Haimes 2009). Specifically, the 
influence of risk management measures adopted for one risk factor, i.e. public health, 
should be considered with respect to the range of risk factors, and primarily to the critical 
risk factors listed in Table 6-1. 
6.3.3.4 Financial and economic analysis 
At the project assessment stage, the financial analysis should reflect an estimate of the 
risk-adjusted cost and revenue over the project life-cycle (Building Queensland 2016a). 
The preliminary economic analysis requires a cost-benefit analysis to be undertaken 
where all costs and benefits are monetised as far as is practicable (Infrastructure Australia 
2016b). Qualitative approaches to assessing intangible costs and benefits are required 
where monetising of values is not feasible (Infrastructure Australia 2016a). The qualitative 
measures will largely be guided by development of the project performance evaluation 
framework.  
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6.3.3.5 Project decision and agreement 
The project decision and agreement stage comprises assessment of the delivery model; 
benefit, risk and cost allocation and affordability assessment (Building Queensland 2016a). 
Practitioners identified that the choice of delivery model, specifically the selection of 
outsourcing and insourcing, is an emerging risk that requires consideration at the project 
assessment stage. The Building Queensland (2016a) framework advises that a qualitative 
value for money assessment should be undertaken at the project assessment stage to 
identify potential delivery models and to assess the pros and cons associated with each 
model.  
Scheme practitioners recommend that benefit, risk and cost should be allocated based on 
the following principles:  
• The party who controls the risk should bear the risk; 
• The beneficiaries should contribute to the capital costs of a project, apportioned to 
the level of benefit; and 
• Stakeholders should adopt a degree of compromise to ensure that the best overall 
allocation principles are established.  
In some states of Australia, the transfer of benefit and risk has no way of being 
recognised, thereby potentially requiring legislative and regulatory changes. In Victoria, the 
Department of Environment, Land, Water and Planning (DELWP 2016), in collaboration 
with the water sector, has developed a cost, benefit and risk allocation process designed 
to be carried out in the context of accountabilities and an organisation’s business-as-usual 
servicing solution. The provision of a similar allocation process is required for other states 
of Australia in order to support the continued development of residential recycled water 
schemes. Once the allocation principles have been agreed upon, a final affordability 
assessment should be undertaken for each stakeholder to ensure that the proposed cost 
allocation is viable long-term (Building Queensland 2016a).  
The outcomes from each stage of the project assessment process should be brought 
together and presented in a manner so as to enable decision-makers to assess the long-
term viability of the residential recycled water scheme (Building Queensland 2016a). A 
Memorandum of Understanding is required to be agreed upon by all stakeholders prior to 
project progression. The Memorandum of Understanding should clearly delineate the roles 
and responsibilities of each stakeholder; the benefit, cost and risk allocation principles and 
the stakeholder and organisational change management measures.  
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6.4 Discussion 
6.4.1 Key learnings and recommendations 
The integrated project assessment and risk management framework illustrates the priority 
areas of assessment required to be adopted for residential recycled water schemes. 
Specifically, enhanced attention to organisational capacity; stakeholder engagement and 
collaboration; uncertainty analysis; data collection, management and dissemination; and 
change management, is required. The framework provides an integrated approach for 
capturing the physical and socio-cultural aspects of risk; integrating both technical risk 
assessment and concern assessment, in accordance with Renn (2008b). The framework 
aims to foster a risk-informed culture and capacity to fully realise performance 
improvements for residential recycled water schemes - a key requirement of an integrated 
risk management framework, as highlighted by the Government of Canada (2016).  
6.4.1.1 Organisational and stakeholder collaboration 
The majority of the risk management measures proposed by expert practitioners were 
targeted at the front-end of the assessment process, specifically to address organisational 
and stakeholder risk management. Interestingly, although alignment of objectives is an 
essential component of the project assessment process, it is often not undertaken for 
residential recycled water schemes (West et al. 2016) or for other infrastructure investment 
projects (Priemus 2008, Samset and Volden 2016). For residential recycled water 
schemes which were indefinitely delayed in commissioning, the critical risk factors can be 
traced back to an inadequate understanding of the organisational capacity to effectively 
deliver the scheme, insufficient engagement with key stakeholders in the early phases of 
scheme planning and inadequate agreement on project objectives (West et al. 2016). 
Through application of the organisational and stakeholder risk management practices 
recommended in the framework, specifically the collaborative definition of project 
objectives, it is likely that improved decisions would have been made with respect to these 
schemes. The development of guidance frameworks to aid water practitioners in improved 
organisational and stakeholder risk management practices are recommended. Specifically, 
frameworks for assessing organisational capacity; identifying and categorising project 
stakeholders (Bourne 2009); improving stakeholder engagement and collaboration 
processes and managing competing values and objectives, would be highly beneficial 
(Ward and Chapman 2008).  
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6.4.1.2 Data collection, management and dissemination 
Despite nearly three decades of scheme operation in Australia, data collection, 
management and dissemination practices remain a fundamental constraint to the 
development of a robust business case for residential recycled water schemes. Improved 
data collection and management practices were identified as necessary for managing 
organisational change, improving stakeholder relations, developing a value proposition for 
schemes, improving the financial and economic evaluation process and undertaking 
uncertainty analysis for scheme design. Infrastructure Australia (2015) recommend that 
information on infrastructure performance is assembled at a national level and reported 
publicly to assist the forecasting of benefit, risk and cost when planning infrastructure. This 
recommendation is particularly pertinent to residential recycled water schemes where, 
historically, insufficient data has been collected and disseminated to enable robust project 
assessment and decision-making processes (West et al. 2016). The development of a 
national database pertaining to residential recycled water scheme benefit, risk and cost 
would be a valuable knowledge base for project stakeholders and would enable the 
development of a reference class of residential recycled water schemes (Flyvbjerg 2006). 
Such a database would provide project stakeholders with the information necessary to 
undertake informed and robust assessment and planning for residential recycled water 
schemes. Additionally, improved record keeping will aid relations with regulatory agencies 
and enable overly stringent and onerous regulation to be questioned in an informed 
manner.     
6.4.1.3 Change management 
Change management was a consistent theme which arose throughout the practitioner 
interviews. Organisational and regulatory change were found to be both key enabling 
factors for the development of residential recycled water schemes and critical risks to the 
long-term viability of schemes (West et al. 2017b). While project management has its 
origins in engineering, which is ubiquitous to the urban water sector, change management 
has its origins in the organisational development field (Crawford and Nahmias 2010). The 
organisational development field places emphasis on the human and behavioural aspects 
of change management (Crawford and Nahmias 2010). Interestingly, the majority of critical 
risks to the long-term viability of residential recycled water schemes can be traced back to 
the human and behavioural aspects of recycled water scheme delivery, as opposed to 
engineering and technical aspects. Crawford and Nahmias (2010) identified that the 
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required competencies for organisational change management are: leadership, 
stakeholder management, planning, team selection/development, communication, 
decision-making and problem-solving, cultural awareness/skills and project 
management/skills. Each of these required competencies align with the risk management 
measures proposed in each stage of the integrated project assessment and risk 
management framework.  
As the urban water sector continues to change and diversify services, it will be important 
for project managers to develop competencies in the soft aspects of project management 
and change management. For residential recycled water schemes, these soft aspects 
pertain predominately to organisational, stakeholder, regulatory and contextual change. 
Soft systems methodology may be an interesting avenue of exploration pertaining to 
improved project management for residential recycled water schemes. Yeo (1993) states 
that soft systems thinking comprises the utilisation of collective wisdom to develop an 
enriched mental model of the project, paying particular attention to soft, ill-structured and 
ambiguous problems and issues. For residential recycled water schemes, which may be 
partially classified as soft projects due to the intangible nature of project objectives, 
qualitative success measures, degree of participation and stakeholder involvement and 
project permeability (Crawford and Pollack 2004), soft systems thinking, in combination 
with traditional project management practices, may enable improved project outcomes in 
the future.  
6.4.2 Learnings for the broader public sector 
The critical risk factors addressed in this study are not ubiquitous to residential recycled 
water schemes alone. The Auditor-General of New South Wales cited a poor initial 
business case, unclear statement of outcomes, lack of senior management buy-in, poor 
communication, inadequate stakeholder engagement and conflicts of interest, as common 
characteristics of unsuccessful major projects (Achterstraat 2013). Additionally, an 
assessment by the Victorian Auditor-General (2013) of conventional water infrastructure 
public private partnerships identified significant shortcomings in the water corporations’ 
risk management approach which, combined with gaps in governance and contract 
management, led to the effectiveness of each project being comprised (Victorian Auditor-
General 2013).  
Due to the contextual nature of project investment decisions, the direct generalisability of 
the findings from this research study to other project types is not applicable. However, as 
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the critical risk factors are common across multiple project types, key learnings from this 
research study may provide insight for improved project assessment practices for the 
broader public sector. Common to projects is the propensity to dedicate significant 
resources to detailed planning and engineering rather than ensuring that the right solution 
is selected from the start (Priemus 2008). The findings from this research study illustrate 
the importance of an enhanced attention to the front-end phase of project assessment; 
specifically, to the collaboration and engagement between organisation and stakeholders. 
The development of competencies in both project management and change management, 
and an integrated approach to project risk management, can only improve the outcomes of 
public infrastructure investment decisions more broadly.  
6.4.3 Framework review and revision 
The integrated project assessment and risk management framework presented in this 
paper addresses the critical risks to the long-term viability of residential recycled water 
schemes as identified through historical review and elicitation of expert opinion. The nature 
of the risk knowledge being sought is the construction of critical risk factors and 
management measures, where there is relative consensus among those competent, but 
there is also recognition that these constructions are subject to on-going revision. Risks 
are dynamic and change with time and context, therefore regular review and revision of 
the integrated project assessment and risk management framework is required. The 
effectiveness of the framework should be evaluated through audit and management review 
and re-evaluated as changes occur in the contextual environment of a scheme. 
Specifically, re-evaluation of the framework is required with changes to legislation and 
regulation; organisational change; emerging concerns of recycled water users, regulators 
and stakeholders; advances in science and technology; varying performance outcomes of 
the recycled water scheme and changes in reporting and communication (Natural 
Resource Management Ministerial Council et al. 2006). 
6.4.3.1 Limitations of research study 
The study was grounded in practice-oriented research where the practitioners of 
residential recycled water schemes, their experience and learnings, were fundamental to 
the development of a framework for integrated project assessment and risk management. 
The findings presented in this study are contextual in nature and the generalizability of the 
study findings to other residential schemes or alternative water services will therefore be 
dependent on the contextual nature of those schemes. However, while experience 
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represents a by-product of one’s transactions with the environment (Biesta 2010), 
knowledge emerges out of those transactions by informing subsequent, more effective, 
and more purposeful action (Tebes 2012). The research findings provide purposeful risk 
management practices pertaining to residential recycled water schemes which are derived 
from practitioner experience, triangulated with project and risk management scholarship 
and validated through mutually exclusive practitioner review. As such, the analytic 
generalization of the case study findings to other situations and projects is applicable (Yin 
2009).  
6.5 Conclusion 
The integrated project assessment and risk management framework presented in this 
research study provides a robust and informed process in which to assess the long-term 
viability of residential recycled water schemes. Through the development of a framework 
which addresses critical risks in an integrated manner, it is envisaged that improved 
project outcomes may be achieved in the future. The framework highlights the importance 
of the front-end decision-making phase for residential recycled water schemes and the 
need for improved competency in soft risk management. Specifically, three key areas of 
prioritisation were identified: organisational and stakeholder risk management; robust data 
collection, management and dissemination practices; and the development of 
competencies in both project management and change management.  
The recommended measures for organisational and stakeholder risk management 
comprise the assessment of organisational capacity, enhanced stakeholder engagement 
and the collaborative definition of project objectives. Data collection, management and 
dissemination is required to develop a value proposition for schemes and to effectively 
allocate benefits, risks and costs between scheme stakeholders. Organisational and 
regulatory change are fundamental to the development of residential recycled water 
schemes, however, these factors are also critical risks to the long-term viability of 
residential recycled water schemes. The research findings suggest that, while the urban 
water sector has well-developed technical project management competencies, additional 
competencies are required with respect to change management, which is grounded in the 
human and behavioural aspects of recycled water scheme delivery.  
While the integrated project assessment and risk management framework will not solve 
the immediate challenge of demonstrating an incontestable business case for residential 
recycled water schemes, it provides a valuable starting point. Improved stakeholder 
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engagement, data collection and contingency planning will certainly aid progress towards 
the development of a robust, transparent and incontestable business case for residential 
recycled water schemes.  
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CHAPTER 7: OVERARCHING DISCUSSION AND CONCLUSION 
7.1 Review of research objectives and findings 
The overarching aim of this thesis was to establish an integrated project assessment 
framework that incorporates critical risks to the long-term viability of residential recycled 
water schemes. The framework provides a step-by-step process for the development and 
implementation of risk management practices at the front-end phase of scheme 
assessment and planning. To enable development of the assessment framework, three 
specific research objectives have been addressed. 
7.1.1 Objective 1 
Identify and characterise the range of risks to the long-term viability of residential recycled 
water schemes and define critical risk factors on the basis of historical occurrence  
Through a detailed literature review and exploratory interviews with 17 residential recycled 
water scheme practitioners, 34 risks to the long-term viability of residential recycled water 
schemes were identified and characterised. An in-depth investigation of 21 schemes 
revealed four critical risk factors: 1. unanticipated operational costs, 2. legal and 
contractual arrangements, 3. regulatory requirements and approval process and 4. 
customer complaints and customer expectations not met.  
Unanticipated operational cost was identified as a critical risk to the long-term viability of 
three operational residential recycled water schemes and the reported reason for the 
premature decommissioning of an additional three schemes. As identified by Flyvbjerg 
(2009), inaccurate cost estimates are predominately caused by technical challenges, 
optimism bias or political factors. While practitioners highlighted the limited financial data 
available to support cost forecasting, there was insufficient information to rule out optimism 
bias or political factors as additional underlying causes. The findings support those of 
Marsden Jacob Associates (2013) who state that, to the extent possible, the financial 
outcomes of schemes should be reported to enable informed economic evaluation in the 
future. 
Risks arising from legal and contractual arrangements between stakeholders were the 
predominant cause of delays in scheme commissioning. In some cases, key stakeholders 
had not been consulted until later stages of the project, resulting in conflict between 
stakeholders, change in project objectives and subsequent delay in scheme 
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commissioning. For three residential recycled water schemes, the delay was indefinite with 
impacts to the strategic objective of maintaining reputation and stakeholder confidence. 
Political and regulatory risks remain critical to the long-term viability of schemes, and to 
infrastructure investment across multiple sectors (Caldecott and McDaniels 2014, World 
Economic Forum 2015). Unanticipated operational costs arose for multiple schemes due 
to poorly defined regulation, lengthy approval processes and increased treatment and 
monitoring requirements as a result of regulatory change. While the regulatory 
environment of recycled water schemes has become easier to navigate, the approval 
process remains a lengthy and challenging endeavour, with one study participant stating 
that the length of time required for approval has increased, rather than decreased, with the 
increased number of residential recycled water schemes. As a result, developers are 
specifying termination clauses in the contractual agreements with private water utilities, 
posing a significant financial risk to the private utility.  
Although customer complaints and expectations not met were identified as critical risks to 
the long-term viability of residential recycled water schemes, there has been limited 
research on these risk factors to date. The literature has focussed predominately on the 
public acceptance of recycled water schemes, as opposed to the impact to customer 
satisfaction and stakeholder confidence as a result of delayed commissioning or 
decommissioned recycled water schemes. Given the social objectives of residential 
recycled water schemes, it would be pertinent to further investigate the impact to 
reputation and stakeholder confidence as a result of scheme failure.  
An interesting research finding pertained to the rating of public health risk based on 
historical schemes. Despite 30% of both decommissioned and operational schemes 
reporting cross-connection incidents, the impact to public health, on average, was 
classified as low and insignificant respectively. To date, public health risks associated with 
the provision of recycled water have been of primary concern; however, the research 
findings show that the impact to public health has been low. The research findings support 
those of the Institute for Sustainable Futures (2013d) who theorised that the focus on 
public health risks may have indirectly enhanced specific risks, such as financial risks, by 
unintentionally encouraging a cautious approach to the setting of treatment levels for 
recycled water schemes.  
Whereas traditional risk assessment practices in the water sector have focused on hard, 
quantitative risks, the outcomes of this study illustrate that an enhanced attention to soft 
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risks, namely legal and contractual arrangements, regulatory requirements and approval 
process and customer complaints and expectations not met, is required. This supports the 
notion that an integrated project risk management approach is required, whereby the risks 
arising from all six sources - physical, social, political and regulatory, implementation and 
operation, financial and economic and legal and contractual - are addressed at the project 
assessment stage. 
7.1.2 Objective 2 
Complement and validate the definition of critical risk factors through the elicitation of 
expert opinion  
The critical risks to the long-term viability of residential recycled water schemes, on the 
basis of expert opinion, comprise: 1. inability to demonstrate incontestable business case, 
2. regulatory requirements, 3. change in government, 4. approval process, 5. regulatory 
pricing policy, 6. organisational change, 7. unanticipated capital costs, 8. climate 
change/climate variability, 9. organisational risk perception, 10. community risk perception, 
11. unanticipated operational costs and 12. fall in demand.  
The critical risk factors defined by expert practitioners were generally consistent with the 
risk factors identified in Objective 1, excepting legal and contractual risk factors. While 
legal and contractual arrangements may not pose a significant risk to public water utilities, 
this risk was found to be a deterrent to private investment in residential recycled water 
schemes and therefore should be considered as a critical risk to the long-term viability of 
future schemes. 
Although soft risk factors, including community risk perception, organisational change and 
organisational risk perception, were identified historically, the impact of these factors was 
challenging to assess and quantify through investigation of the historical performance of 
schemes. The survey results indicate that the risk factors are considered as critical to the 
long-term viability of residential recycled water schemes, thereby reiterating the notion that 
the collection of expert opinion is an effective approach to increasing the body of 
knowledge where historical data is limited.  
An interesting finding from the survey was the variance in risk ratings between each 
participant group, particularly the risk ratings of regulatory participants. In particular, large 
variances in the ratings of unanticipated operational cost, public health risk, assessment 
and design, environmental value and environmental health risk were noted, with regulatory 
participants rating these risk factors significantly higher than other participants. While 
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Marsden Jacob Associates (2013) suggest that water service providers and regulators 
have similar risk appetites, the survey results suggest that regulators perceive risks to be 
of more significance than that of other stakeholders. The increased perception of risk is 
likely to have substantial impact on the regulatory requirements and approval process for 
residential recycled water schemes. Management of regulatory risk perceptions is 
therefore imperative to the long-term viability of residential recycled water schemes and 
may aid in reducing subsequent risks arising from political and regulatory factors.  
An additional important risk factor was not identified until a later stage of the research 
project and therefore was not considered in the research undertaken to define critical risk 
factors. This risk factor is defined as organisational capacity and relates to the ability of an 
organisation to effectively develop and implement a residential recycled water scheme. 
Specifically, organisational capacity relates to the resources, capabilities and 
competencies of an organisation which are supported by the organisation’s administrative 
and operational capacity, management capability, knowledge and learning capability and 
ability to promote effective collaboration (Bryan 2011). For future research studies, 
organisational capacity should be included in the short-list of risk factors listed in  
Table 4-2, Chapter 4. This risk factor has been addressed in the integrated project 
assessment and risk management framework as it relates to the critical risk factors 
organisational risk perception and organisational change.  
7.1.3 Objective 3 
Develop an integrated project assessment and risk management framework for residential 
recycled water schemes 
The integrated project assessment and risk management framework highlights the 
importance of the front-end decision-making phase for residential recycled water schemes 
and the need for improved competency in soft risk management. Specifically, three key 
areas of prioritisation were identified: organisational and stakeholder risk management; 
robust data collection, management and dissemination practices; and the development of 
competencies in both project management and change management.  
The recommended measures for organisational and stakeholder risk management 
comprise the assessment of organisational capacity, enhanced stakeholder engagement 
and the collaborative definition of project objectives. Data collection, management and 
dissemination is required to develop a value proposition for schemes and to effectively 
allocate benefits, risks and costs between scheme stakeholders. Improved record keeping 
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was found to aid regulatory relations and enable the informed questioning of onerous and 
inconsistent regulation.  
Organisational and regulatory change are fundamental to the development of residential 
recycled water schemes, however, these factors are also critical risks to the long-term 
viability of residential recycled water schemes. The research findings suggest that, while 
the urban water sector is competent in operational risk management, additional 
competencies are required with respect to change management, which is grounded in the 
human and behavioural aspects of project delivery (Crawford and Nahmias 2010).  
To date, risk management frameworks have been developed for environmental and public 
health risks only. The findings from this research study illustrate that environmental and 
public health risks have been appropriately managed, however, the broader range of risk 
factors require enhanced attention. As noted by Furlong et al. (2017), there is a tendency 
for risks to be considered at an abstract level only and effectively ignored in the 
assessment and planning of recycled water schemes.  The integrated project assessment 
and risk management framework aims to address this gap in knowledge and practice.   
The research findings are consistent with those of the Institute for Sustainable Futures 
(2013c) who identified six key factors which contribute to risk and uncertainty in the 
development and implementation of recycled water schemes: stakeholders, scheme 
objectives, supply and demand, treatment, institutional arrangements and financing. The 
research by the Institute for Sustainable Futures (2013c) provides guidance for a range of 
recycled water schemes, whereas the research presented in this thesis is specific to 
residential recycled water schemes. Together, the research studies provide a substantial 
knowledge base pertaining to recycled water schemes in Australia.   
The framework provides an integrated approach for capturing the physical and socio-
cultural aspects of risk; integrating both technical risk assessment and concern 
assessment, in accordance with Renn (2008b). Guided by the rigor and specificity of the 
technical and natural science approaches and inspired by the richness and plurality of the 
economic, psychological and social science approaches, the framework provides a truly 
integrated approach to project assessment and risk management (Renn 2008a). The 
framework is designed to foster a risk-informed culture and capacity to fully realise 
performance improvements for residential recycled water schemes - a key requirement of 
an integrated risk management framework, as highlighted by the Government of Canada 
(2016). 
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7.2 Contribution to theory and practice 
Project risk management is often challenging for organisations to implement due to a lack 
of knowledge, lack of resources or lack of motivation (McKinsey & Company 2013, Schiller 
and Prpich 2013, Boultwood and Dominus 2014). This research study provides a valuable 
step forward in addressing two of these challenges: lack of knowledge and lack of 
resources. Through the definition of critical risk factors and targeted measures for 
addressing critical risks at the project assessment stage, the lack of knowledge has been 
reduced. Through the provision of a step-by-step integrated project assessment and risk 
management framework for residential recycled water schemes, the lack of resources has 
been reduced. The motivation to undertake project risk management is ultimately 
dependent on the project stakeholders. However, it is envisaged that the outcomes of this 
research study may inspire project stakeholders to adopt a proactive and integrated 
approach to risk management.  
The research study has achieved practical outcomes for the urban water sector, with 
organisational impact noted by participants. The research findings were conveyed to study 
participants through the focus group, two industry reports and through regular, informal 
communication. The critical risk factors identified through this research study were 
considered in the assessment and planning for the Fishermans Bend development in inner 
Melbourne, Victoria (CRC for Water Sensitive Cities 2015). The journal paper included as 
Chapter 4 of this thesis was translated into Mandarin by the International Water 
Association to provide the urban water sector in China with the research findings. The 
researcher was also invited by Sydney Water to present the research findings at a 
workshop titled ‘Growing pains for recycled water schemes’ which was held at the Ozwater 
2017 Conference.    
The complexity of the urban water sector is ever increasing. Change is inevitable, and 
while change brings the opportunity for increased benefits, it also introduces risk and 
uncertainty. If the urban water sector is to continue to change and diversify services, the 
core competencies of the sector with respect to project risk management will also need to 
change and diversify. Common to projects is the propensity to dedicate significant 
resources to detailed planning and engineering rather than ensuring that the right solution 
is selected from the start (Priemus 2008). The findings from this research study illustrate 
the importance of an enhanced attention to the front-end phase of project assessment; 
specifically, to the collaboration and engagement between organisation and stakeholders 
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and the collection, management and dissemination of data and information. The 
development of competencies in both project management and change management, and 
an integrated approach to project risk management, can only improve the outcomes of 
residential recycled water schemes and the urban water sector as a whole. 
7.3 Study limitations  
Risks are dynamic and change with time and context, therefore the absolute determination 
of critical risk factors is not feasible. However, the reduction of an extensive list of risks to 
a short-list of critical risk factors was required to enable prioritisation of risk management 
practices. The nature of the risk knowledge which has been sought through this research 
was the construction of critical risk factors, where there is relative consensus among those 
competent, but there is also recognition that these constructions are subject to on-going 
revision. 
7.3.1 Data limitations 
The research study was limited by the availability of data and information necessary to 
support data saturation in each phase of the study. In the historical investigation of 
schemes, limited information was available for some schemes and certain risk factors. 
This was due to ethical and time constraints and to the lack of data and information 
collected by water utilities on residential recycled water schemes. This limitation was 
addressed through conductance of the national survey questionnaire. Through 
aggregation of historical learnings and expert opinions, the critical risk factors were able to 
be defined. Further refinement of the critical risk factors may be achieved through the 
continual collection of data pertaining to residential recycled water schemes.   
While the collection of expert opinion enabled the definition of critical risk factors, it also 
introduced a degree of complexity to the research study. Opinions of risk, or risk 
perceptions, are inherently biased. Opinions pertaining to risk are subjective and 
influenced by a range of social, psychological, contextual and cultural factors (Tversky and 
Kahneman 1974, Douglas and Wildavsky 1982, Slovic 1987, Kasperson et al. 1988). As 
such, the aim of the survey was to enable the ranking of risk factors on the basis of expert 
opinion, rather than to obtain an explicit, quantitative rating of the likelihood of occurrence 
and impact of risk factors on scheme objectives. Although expert opinion is subjective, it is 
nonetheless informative and representative of the practitioner’s experience with the 
development and implementation of residential recycled water schemes.  
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The findings from the survey questionnaire were limited by the number of regulatory, local 
government and private water utility participants. The opinions of regulatory participants, in 
particular, should be further investigated in order to revise or confirm the study findings 
with respect to regulatory opinions. Future research studies should assess organisational 
capacity as a risk factor, as this factor has the potential to be critical and is strongly linked 
to the risk factors organisational risk perception and organisational change.   
The integrated project risk management framework presents major and minor themes 
interpreted from the case study investigation and stakeholder interviews. A small sample 
of participants contributed to the research findings in this phase of the project. Although in-
depth interviews were conducted with only eight scheme stakeholders, these stakeholders 
are directly involved in the majority of operational residential recycled water schemes in 
Australia. The small sample of study participants was addressed through the conductance 
of a focus group session in which 11 mutually exclusive practitioners reviewed the 
research findings and provided commentary to refine and validate the integrated project 
assessment and risk management framework. To further refine and improve the 
framework, it would be valuable to interview project managers of prematurely 
decommissioned residential recycled water schemes.  
7.3.2 Framework evaluation 
The effectiveness of the integrated project assessment and risk management framework 
can only be ascertained through application and evaluation. Given the timeframe from 
inception to delivery of a residential recycled water project, 10 years on average, it is not 
practicable to provide an evaluation of the framework effectiveness at present. The 
framework requires further improvement and refinement as additional information and data 
becomes available. Risks are dynamic and change with time; therefore, continual review 
and revision of risk management practice is required. The integrated project assessment 
and risk management framework presented in this thesis provides a basis for improved 
risk management practices pertaining to residential recycled water schemes, though does 
not aim to provide a prescriptive or definitive approach to project risk management. 
7.3.3 Limitations of methodology 
The mixed method research adopted in this study aimed to enable a richer understanding 
of the study phenomenon than what may be achieved through a purely qualitative or 
quantitative method (Bergman 2011). From this respect, a mixed method approach may 
enable the improved quality of inferences to be developed. From another viewpoint, mixed 
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method research may be susceptible to weak inferences given the challenges 
encountered in implementing two design methods and procedures (Bergman 2011).  
Inferences based on qualitative data are subject to researcher bias which is introduced 
during the analysis and interpretation of data. The adoption of an inside strategy also 
increases the potential for the research findings to be biased given the intertwined nature 
of the researcher, research participants and research inferences. In this study, the 
researcher adopted an inside strategy and made inferences pertaining to the critical risk 
factors and project risk management measures. To address potential bias in the 
development of inferences, and to evaluate and enhance the quality of inferences, peer 
review and member checking were utilised. Member checking was undertaken for the 
exploratory interviews, in-depth interviews and focus group script to check the accuracy of 
the narration with the informants (Bergman 2011). The themes, interpretations and 
conclusions made throughout this study were reviewed by a focus group of 11 
experienced practitioners and through final review by two experienced practitioners. As 
three validation techniques were utilised in this research study – triangulation, member 
checking and practitioner review, it is believed that the potential for bias in the 
development of inferences has been reduced and that the study findings are valid.  
7.4 Recommendations for future research 
The research findings provide a valuable basis upon which to further develop project 
assessment and risk management practices for residential recycled water schemes. To 
further refine the research findings and to aid water utilities in implementing improved 
project risk management practices, the following research is recommended:  
• Develop an improved understanding of the impact to customer satisfaction and 
stakeholder confidence due to delayed commissioning or decommissioned 
recycled water schemes; 
• Further investigate the opinions of regulatory participants, developers, local 
government and private water utilities pertaining to the risks to the long-term 
viability of residential recycled water schemes; 
• Further develop the integrated project assessment and risk management 
framework to provide guidance to water utilities in the areas of: organisational 
capacity assessment; identification and categorisation of project stakeholders; 
development of project evaluation frameworks; management of competing 
objectives and allocation of benefit, cost and risk;  
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• Develop a consistent methodology and approach for the allocation of cost, benefit 
and risk between stakeholders;  
• Explore the potential for soft systems methodology to aid water utilities in the 
development of change management competencies; and 
• Develop a national database pertaining to residential recycled water scheme 
benefit, risk and cost to enable informed economic evaluation for future schemes.  
7.5 Thesis conclusion 
The urban water sector will need to make efficient and prudent investment decisions in the 
future. While the sector has well-developed and effective measures for managing 
environmental and public health risks associated with residential recycled water schemes, 
the broader range of project risks require enhanced attention. Critical risks to the long-term 
viability of residential recycled water schemes comprise organisational risks: 
organisational change and organisational risk perception; stakeholder risks: customer, 
project partner and regulatory risks; technical risks: climate change/climate variability and 
fall in demand; and financial and economic risks. Three key areas of prioritisation for 
project risk management were identified as:  
• Organisational and stakeholder risk management: early engagement and 
collaboration; alignment of project objectives; allocation of benefit, cost and risk 
between stakeholders;  
• Robust data collection, management and dissemination practices: improved 
processes for capturing benefit, cost and risk; performing uncertainty analysis and 
enabling informed and consistent economic evaluation; and  
• Development of competencies in both project management and change 
management: contingency planning and enhanced attention to the human and 
behavioural aspects of project management.  
The integrated project assessment and risk management framework developed through 
this research study provides purposeful measures for managing the critical risks to the 
long-term viability of residential recycled water schemes. While the integrated framework 
will not solve the immediate challenge of demonstrating an incontestable business case for 
residential recycled water schemes, it provides an informed starting point. Improved 
organisational and stakeholder risk management; robust data collection, management and 
dissemination practices; and the procurement of competencies in change management, 
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will significantly aid progress towards the development of a robust, transparent and 
incontestable business case for residential recycled water schemes.  
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Table A1: Review of literature pertaining to public infrastructure project failure 
Study reference Overview Project risk factors 
Terrill and Danks (2016) The study investigated cost overruns in 836 
transport infrastructure projects in Australia and 
identified the predominant reason for cost overrun 
• Premature announcement by governments 
made for electoral gain 
Mott MacDonald (2002) The study reviewed 50 large public procurement 
projects in the UK and identified the critical project 
risk areas that cause cost and time overruns, 
resulting in high optimism bias levels for different 
project types 
• Inadequacy of the business case 
• Environmental impact 
• Disputes and claims 
• Economic conditions 
• Late contractor involvement in design 
• Complexity of contract structure 
• Legislation 
• Degree of innovation 
• Poor contractor capabilities 
• Project management team 
• Poor project intelligence 
Ryan and Duffield (2014) The study aimed to investigate the main reasons for 
shortfall in 24 Australian major projects 
• Program: climatic conditions; industrial 
relations disputes; political controversy 
procurement delay 
• Resources: subcontractors entering 
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Study reference Overview Project risk factors 
receivership; inflated labour costs 
• Legal: contract clauses; litigation costs 
• Costs: repair of works due to poor 
quality/workmanship 
• Design growth: delays to the projects and 
• undefined scope 
• People: poor leadership, high employee 
turnover and the scarcity of experienced 
people 
Achterstraat (2013) Summary of learnings from audits of NSW 
Government agencies and major projects over a 
seven year period 
• Poor initial business case 
• Unclear statements of expected outcomes 
• Lack of senior management buy-in 
• Inadequate gateway reviews 
• Poor communication 
• Inadequate stakeholder engagement 
• Scope creep (or in many cases ‘scope 
gallop’) 
• Conflicts of interest 
• Optimism bias when assessing prospective 
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Study reference Overview Project risk factors 
benefits 
• Group think 
• Lack of appreciation of the ‘big picture’ 
• Decision-makers being too imbedded in the 
project so they can't see the forest for the 
trees. 
Western Australia Auditor 
General (2012) 
The audit examined the government’s 20 highest 
value non-residential building projects and highlights 
the extent and reported causes of variances from 
the original approved budgets and expected 
completion dates 
• Significant scope and design changes during 
the project evaluation phase 
• Variations to the project scope after the 
awarding of the contract to build 
• Issues relating to build quality prior to project 
completion 
• Inclement weather conditions during 
construction 
Victorian Auditor-General 
(2011) 
The audit assessed how effectively major road 
projects were managed in Victoria 
• Overestimating the benefits  
Rajaram et al. (2014) Presents a framework for Public Investment 
Management based on eight critical features of the 
public investment project cycle 
• Budget allocation changes 
• Staff turnovers  
• Unexpected technical challenges  
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Study reference Overview Project risk factors 
• Weak interagency coordination processes 
leading to delays in both project evaluation 
and project oversight and implementation 
• Projects driven by political considerations  
• Problematic site acquisition and resettlement 
issues, environmental safeguards, and 
complex procurement 
Chan et al. (2009) The study explores the scope for efficient financing 
to reduce the life-time cost of infrastructure projects 
• Construction, operational, demand, network, 
technological, financing and regulatory risk 
Blake Dawson Waldron 
(2006) 
Survey of project stakeholders from both the private 
and public sectors to understand the main pressure 
points in construction and infrastructure projects 
• A shortage of skilled resources 
• Inadequate scoping 
• Use of inappropriate delivery methods 
• Poor risk allocation 
• Unrealistic time and cost objectives 
Caldecott and McDaniels 
(2014) 
The research programme aimed to test and analyse 
the materiality of stranded asset risks and to assess 
the potential impacts of stranded assets on 
investors, businesses, regulators and policymakers 
• Environmental challenges (e.g. climate 
change, water constraints) 
• Changing resource landscapes (e.g. shale 
gas, phosphate) 
• New government regulations (e.g. carbon 
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Study reference Overview Project risk factors 
pricing, air pollution regulation) 
• Falling clean technology costs (e.g. solar PV, 
onshore wind) 
• Evolving social norms (e.g. fossil fuel 
divestment campaign) and consumer 
behaviour (e.g. certification schemes) 
• Litigation and changing statutory 
interpretations (e.g. changes in the 
application of existing laws and legislation) 
Evans & Peck (2011) The study provided a baseline of performance in the 
delivery of 23 large scale infrastructure projects in 
Australia 
• Skill shortages 
• Rising construction costs 
• Complexity of the planning and development 
process 
• Lack of a strategic roll-out of projects from  
planned portfolio 
• Uncertainty of funding 
World Economic Forum 
(2015) 
Presents measures for mitigation of political and 
regulatory risk in infrastructure projects developed 
by public-sector, private-sector and public-private 
• Macroeconomic instability 
• Political risk 
• Access to qualified staff 
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Study reference Overview Project risk factors 
partnerships • Access to financing 
• Corruption 
• Infrastructure capacity 
• Limited market opportunities 
• Increased government intervention in the 
aftermath of the global financial crisis 
Flyvbjerg (2009) The article addresses the causes of cost overrun, 
benefit shortfall and systematic underestimation of 
risks in major infrastructure projects 
• Technical: imperfect forecasting techniques, 
inadequate data, honest mistakes, inherent 
problems in predicting the future, lack of 
experience on the part of forecasters 
• Psychological: planning fallacy and optimism 
bias 
• Political-economic: project planners and 
promoters deliberately and strategically 
overestimate benefits and underestimate 
costs 
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Table B1: Literature used to inform risk factor identification and characterisation  
No. Reference Objectives Key risk/barrier/impediment/challenge Methodology 
  Physical/ 
social 
Implementation/ 
operations 
Political/ 
regulatory 
Financial/ 
economic 
Legal/ 
contractual 
Literature 
review 
Workshop Case studies Interviews Survey Other 
General                         
1 Moglia et al. (2011a) 
 
  x x x x x   1 workshop - 
9 water 
industry 
personnel 
9 decentralised 
schemes 
      
2 Sharma et al. (2012)    x x x x       9 decentralised 
schemes 
  54 urban water 
practitioner 
respondents 
  
3 Fletcher et al. (2008) x x x x x   x           
4 Institute for Sustainable Futures 
(2013c) 
x x x x x x     8 recycled water 
schemes 
(residential and 
commercial) 
Interviews with 
scheme 
stakeholders 
    
5 Dobbie et al. (2013)   x x x x x         620 urban water 
practitioner 
respondents 
  
6 Brown et al. (2007)  x x x x x x         1041 urban 
water sector 
professionals 
  
7 Baggett et al. (2006)    x x x x x         78 urban water 
practitioner 
respondents 
  
8 Marlow et al. (2013) x x x x x   x           
9 ACIL Tasman (2005)   x x x x x         101 
respondents 
from multiple 
stakeholder 
groups 
  
10 Ross (2014)   x   x         4 recycled water 
projects (city-wide 
scale to augment 
drinking water 
supply) 
17 participants 
interviewed 
across four case 
study sites 
    
11 Hatton MacDonald and Dyack 
(2004) 
  x   x     x           
12 Dimitriadis (2005) x x x   x x x           
13 Radcliffe (2006)  x x x   x x x           
14 Arbon and Ireland (2003) x x x x x   x           
Social                         
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No. Reference Objectives Key risk/barrier/impediment/challenge Methodology 
  Physical/ 
social 
Implementation/ 
operations 
Political/ 
regulatory 
Financial/ 
economic 
Legal/ 
contractual 
Literature 
review 
Workshop Case studies Interviews Survey Other 
15 Mankad et al. (2010)   x x   x       3 decentralised 
water schemes 
34 interviews 
with residents 
    
16 Mankad et al. (2015)    x           2 workshops 
- 36 
participants   
      
17 Moglia et al. (2011b)   x x               52 community 
respondents for 
two 
decentralised 
schemes 
  
18 Hurlimann (2007)   x                 162 community 
respondents 
  
Technical - Public Health                         
19 Cook et al. (2008)     x         2 workshops 
with water 
industry 
personnel 
        
20 Fane et al. (2002)     x                 Quantitative 
microbial risk 
assessment 
Life cycle 
cost 
assessment 
21 Chen et al. (2013)     x        x           
22 Huxedurp et al. (2014)     x           3 recycled water 
schemes 
      
23 Chapman et al. (2011)     x                 Consultation 
with water 
industry 
personnel 
24 Natural Resource Management 
Ministerial Council et al. (2006) 
    x                 Authoritative 
reference 
25 Natural Resource Management 
Ministerial Council et al. (2009)  
    x                 Authoritative 
reference 
26 Muston and Halliwell (2011)     x                 Consultation 
with water 
industry 
personnel 
27 Khan (2010)     x                 Consultation 
with water 
industry 
personnel 
28 Page and Levett (2010)     x           3 stormwater 
harvesting 
schemes 
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No. Reference Objectives Key risk/barrier/impediment/challenge Methodology 
  Physical/ 
social 
Implementation/ 
operations 
Political/ 
regulatory 
Financial/ 
economic 
Legal/ 
contractual 
Literature 
review 
Workshop Case studies Interviews Survey Other 
29 Diaper et al. (2001)     x                  HAZOP and 
quantitative 
microbial risk 
assessment 
30 Landers and Chapman (2011)     x           Sydney Water     AS/NZS.ISO
31000:2009 
Technical - General             
31 Muston (2004)     x       x            
32 Page et al. (2013)     x           Specific to 
Parafield 
stormwater 
harvesting 
scheme 
      
33 Page and Levett (2010)     x                 Quantitative 
microbial risk 
assessment 
34 Institute for Sustainable Futures 
(2013b) 
    x           8 recycled water 
schemes 
    Consultation 
with water 
industry 
personnel 
35 Institute for Sustainable Futures 
(2013d) 
    x           8 recycled water 
schemes 
    Consultation 
with water 
industry 
personnel 
36 Marleni et al. (2012)     x        x           
37 Muston and Wille (2006)     x               10 recycled 
water plant 
operators 
  
38 Futures (2013)     x           8 recycled water 
schemes 
      
39 Chong et al. (2013)     x           2 recycled water 
schemes 
      
Financial/economic             
40 Marsden Jacob Associates (2013)     x   x             Consultation 
with water 
industry 
personnel 
41 Pamminger (2008)     x   x             Industry 
study 
Physical             
42 Tram Vo et al. (2014)   x x       x           
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No. Reference Objectives Key risk/barrier/impediment/challenge Methodology 
  Physical/ 
social 
Implementation/ 
operations 
Political/ 
regulatory 
Financial/ 
economic 
Legal/ 
contractual 
Literature 
review 
Workshop Case studies Interviews Survey Other 
43 Myers et al. (2013)   x x           Hydrological 
modelling of the 
Parafield 
Harvesting 
Scheme   
      
44 Paton et al. (2014)   x x           Adelaide southern 
water supply 
system 
      
Policy/regulations/legal             
45 Institute for Sustainable Futures 
(2013e) 
      x         8 recycled water 
schemes 
    Consultation 
with water 
industry 
personnel 
46 Institute for Sustainable Futures 
(2013f) 
    
      
x 
    
8 recycled water 
schemes 
    
Consultation 
with water 
industry 
personnel 
47 Power (2010)   x x x x x x 
  
  
    
Legislative 
review 
Residential recycled water schemes             
48 Institute for Sustainable Futures 
(2013a)  
x x x x x 
      
Aurora Class A 
recycled water 
scheme       
49 Davis and Farrelly (2009)   x x x x 
      
3 alternative 
water schemes       
50 Brace and Fahrner (2009)   
  
x 
          
Aurora Class A 
recycled water 
plant       
51 Goddard (2006) x x x x x 
      
Inkerman D'Lux 
Class A recycled 
water scheme       
52 Moglia et al. (2011b) x         
      
9 decentralised 
schemes 
      
53 Marks et al. (2003)   x x 
  
x 
      
4 residential 
recycled water 
schemes (2 
Australian) 
20 residents 
    
54 Fearnely et al. (2004) x x x 
          
New Haven 
residential 
recycled water 
scheme       
55 Wang (2011)   
  
x 
          
Mawson Lakes 
dual reticulation 
water supply 
system       
165 
 
  APPENDIX B 
 
No. Reference Objectives Key risk/barrier/impediment/challenge Methodology 
  Physical/ 
social 
Implementation/ 
operations 
Political/ 
regulatory 
Financial/ 
economic 
Legal/ 
contractual 
Literature 
review 
Workshop Case studies Interviews Survey Other 
56 Hurlimann and McKay (2005)   x x 
          
Mawson Lakes 
dual reticulation 
water supply 
system   
136 households 
  
57 Taylor et al. (2011)  x x x x x 
      
Pimpama 
Coomera Class A 
recycled water 
scheme       
58 Suggate (2009)   
  
x 
          
Pimpama 
Coomera Class A 
recycled water 
scheme       
59 Fairbairn (2006)   
  
x 
          
Pimpama 
Coomera Class 
A+ recycled water 
scheme       
60 Storey et al. (2007)   
  
x 
          
Sydney Water 
      
61 Law (1996) x 
  
x 
  
x 
      
Rouse Hill Class 
A recycled water 
scheme       
62 Listowski et al. (2013)    
  
x 
  
x 
      
Sydney Olympic 
Park Authority 
      
63 Chapman (2006) x   x x   
      
Sydney Olympic 
Park Water 
Reclamation and 
Management 
Scheme       
64 Farrelly and Davis (2009a)   x x x x 
      
3 alternative 
water schemes 
      
65 Apostolidis et al. (2011) x 
  
x 
      
x 
  
Multiple schemes 
      
66 M. et al. (2014)    
  
x 
          
3 recycled water 
treatment plants 
      
67 Leonard et al. (2013) 
 
x x x x x x 
    
6 water sensitive 
urban design 
case studies 
Scheme 
stakeholders & 
residents     
68 Department of Environment (2015)   
  
x 
          
Cragieburn 
recycled water 
scheme     
Government 
statement 
69 Smith (2013)   
  
x 
  
x 
      
Caboolture South 
Class A+ recycled 
water scheme     
Newspaper 
article 
70 Master Plumbers’ Association of 
Queensland (2014) 
  
  
x x 
        
Caboolture South 
Class A+ recycled 
water scheme     
Bill 
submission 
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No. Reference Objectives Key risk/barrier/impediment/challenge Methodology 
  Physical/ 
social 
Implementation/ 
operations 
Political/ 
regulatory 
Financial/ 
economic 
Legal/ 
contractual 
Literature 
review 
Workshop Case studies Interviews Survey Other 
71  City of Gold Coast (2014)   
  
x x 
        
Pimpama 
Coomera Class 
A+ recycled water 
scheme     
Website  
72 Economic Development 
Queensland (2014) 
x x x x x x 
    
Fitzgibbon Chase 
stormwater 
harvesting 
scheme       
73 Gold Coast City Council (2003) x   
  
    
  
  
  
Pimpama 
Coomera Class A 
recycled water 
scheme       
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Survey Questionnaire 
 
Introduction  
The purpose of the survey is to elicit expert opinion on risks to the long-term viability 
of residential recycled water schemes. The survey pertains specifically to the provision 
of treated stormwater, greywater and/or wastewater through dual piping for non-
potable residential use comprising toilet flushing, cold washing machine, garden 
watering and/or other outdoor use. The survey comprises four parts, and should take 
(on average) between 20 and 25 minutes to complete. 
 
Part One: General Background Information 
The following section pertains predominantly to your professional background and 
experience with residential recycled water schemes. 
 
Please specify your gender: 
Female 
Male 
 
Which sector best relates to the organisation in which you are currently employed? 
Public water utility 
Private water utility 
Urban development 
Consulting 
Research 
State Government 
Local Government 
Independent regulator 
 
How many years’ experience do you have in this sector? 
0 - 2 years 
2 - 5 years 
5 - 10 years 
10 - 20 years 
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20+ years 
 
In which State are you currently working? 
New South Wales 
Queensland 
South Australia 
Victoria 
Western Australia 
Northern Territory  
Tasmania 
 
How many residential recycled water schemes have you had experience with (at any 
stage of the scheme from inception to decommissioning)? 
1 - 2 
2 - 5 
5 - 7 
7+ 
 
What type of residential recycled water scheme have you had experience with (you 
may select more than one option)? 
Greywater treatment and recycling 
Stormwater treatment and reuse 
Wastewater treatment and recycling 
Combined stormwater / greywater treatment and recycling 
Combined stormwater / wastewater treatment and recycling 
 
What was your role with respect to the residential recycled water scheme/s (i.e. 
design, planning, approval, construction, operation etc.)? 
 
Part 2: Importance and Objectives of Residential Recycled Water Schemes 
The following section relates to the importance of residential recycled water schemes and 
specific objectives of such schemes. 
 
170 
 
  APPENDIX C 
Please consider the following statement: Residential recycled water schemes are 
important for meeting sustainable urban water management and/or sustainable 
urban development objectives 
 
How strongly do you personally agree with this statement? 
Strongly disagree 
Disagree 
Neither agree nor disagree 
Agree 
Strongly agree 
 
Please consider the following statement: Residential recycled water schemes are 
important for meeting sustainable urban water management and/or sustainable 
urban development objectives 
 
How strongly do you believe your organisation agrees with this statement? 
Strongly disagree 
Disagree 
Neither agree nor disagree 
Agree 
Strongly agree 
 
How relevant are the following objectives to residential recycled water schemes? 
Not relevant 
Somewhat relevant 
Relevant 
Highly relevant 
Essential 
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Objectives 
Diversify water sources and improve water supply security 
Defer or reduce capital investment in conventional infrastructure 
Reduce peak potable water demand 
Reduce treated wastewater effluent discharge and pollutant load to waterways 
(wastewater treatment and recycling) 
Reduce stormwater runoff and pollutant load to waterways (stormwater harvesting 
and reuse) 
Contribute to sustainable urban development 
Provide for enhanced urban amenity 
 
Please specify and rate (according to the above rating scale) any additional 
objectives of residential recycled water schemes you recommend (leave blank if 
none) 
 
Part 3: Risk Factor Rating for Residential Recycled Water Schemes 
A total of 34 risk factors with the potential to Impact the long-term viability of residential 
recycled water schemes have been identified through detailed literature review and 
Interviews with water industry practitioners. The risk factors have been grouped into six 
predominant risk sources: physical, social, political and regulatory, Implementation and 
operations, financial and economic, legal and contractual. 
 
The following section asks you to rate each risk factor on the basis of likelihood of 
occurrence and impact on objective/s as defined in the risk assessment matrix below. 
When assessing each risk factor, please consider the various stages of a residential 
recycled water scheme including inception, planning, approval, construction, operation and 
decommissioning. Some risk factors may have the potential to Impact more than one 
objective. If you perceive this to be the case, please rate the risk factor in question based 
on the objective you believe will be most impacted. Please keep in mind that the overall 
aim of this research project is to elicit your opinion on risks to the long-term viability of 
residential recycled water schemes based on your experience with such schemes. 
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Risk Matrix 
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Risk Factors 
Physical risk 
1 Change in catchment 
characteristics 
Change in catchment size, land use, drainage 
pathways etc. resulting in change in quantity 
and/or quality of influent water to treatment plant 
2 Climate change/climate 
variability 
Impacts to influent water quality and quantity 
and/or impacts to treatment infrastructure due to 
flooding, rising or declining groundwater 
levels/quality, reduced or increased stormwater 
quantity and quality, variable temperatures etc. 
Social 
3 Community risk perception Public risk perception resulting in delayed 
scheme commissioning or reduction in non-
potable water use 
4 Customer complaints Water quality concerns, aesthetic concerns 
and/or price concerns resulting in customer 
complaints 
5 Customer expectations not 
met 
Inability to deliver recycled water scheme to the 
standard, or within the required timeframe, 
expected by customers 
6 Equity of access Residential recycled water schemes are deemed 
to be inequitable as only a portion of the 
community is serviced 
Political and regulatory risks 
7 Change in Government Change in Government and/or Government 
agenda resulting in reduced support for recycled 
water schemes 
8 Regulatory requirements Overly onerous regulatory requirements or 
inhibitory policy due to perceived risks associated 
with recycled water schemes (includes change in 
regulation) 
9 Approval process Poorly defined regulatory requirements and/or 
lengthy approval process with subsequent 
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challenges to implementation of recycled water 
schemes 
10 Regulatory pricing policy Regulatory pricing policies limit viable innovation 
and viable competition with conventional 
infrastructure 
Operational risks 
11 Optimism bias Selection of recycled water scheme is based on 
stakeholder opinion rather than sound 
assessment processes 
12 Organisational risk perception Organisational decisions regarding recycled 
water schemes are based on perceived risks 
rather than true risks 
13 Organisational change Organisational change resulting in reduced 
support or guidance/leadership for recycled water 
scheme 
14 Assessment and design error Assessment and design methodology is 
unsatisfactory, consultant lacks experience, 
"corner cutting" to reduce time requirements, 
uncertainty not considered etc. 
15 Construction error Construction challenges/errors resulting from lack 
of qualification, experience and/or poor 
performance 
16 Technology risk Adopted technology is not mature or able to 
deliver output specifications reliably 
17 Fall in demand A decline in water demand as a result of climate 
variability, economic decline, demographic 
changes, water price, risk perception, 
technological innovation etc. 
18 Asset condition uncertainty Uncertainty regarding the lifespan of technical 
components as a result of lack of information, 
immature technology or lack of experience 
19 Operator error Poor operational performance resulting from lack 
of qualification, experience and/or motivation 
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20 Management and maintenance 
error 
Recycled water scheme is poorly managed and 
maintained resulting in technical component 
failure 
22 Environmental health risk - 
compliance related 
Unintended discharge from recycled water 
scheme resulting in environmental health risk 
23 Environmental value risk - 
stormwater related 
Unintended risk of recycled water scheme on 
environmental values i.e. 
hydrological/hydrogeological characteristics 
24 Environmental value risk - 
greywater/wastewater related 
Unintended risk of recycled water scheme on 
environmental values i.e. greenhouse gas 
emissions 
25 Public health risk Poor treatment, incorrect use, cross-connection 
etc. resulting in public health risk 
26 Perceived benefits do not 
materialise 
Perceived environmental, social and/or financial 
benefits do not materialise or are difficult to 
measure 
Financial risks 
27 Inability to demonstrate 
incontestable business case 
Economic viability of recycled water scheme is 
unable to be proven 
28 Unanticipated capital costs Poor understanding of capital costs at the 
assessment stage due to lack of information, lack 
of experience or change in contextual 
environment of scheme 
29 Reduction in developer 
charges 
Reduction in developer charges resulting in 
reduced revenue 
30 Reduction in non-potable 
water price 
Reduction in non-potable water price resulting in 
reduced revenue 
31 Unanticipated operational 
costs 
Poor understanding of operational costs at the 
assessment stage due to lack of information, lack 
of experience or change in contextual 
environment of scheme 
Legal 
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32 Inability to agree on 
contractual terms 
Lack of agreeance on contractual terms, or 
inability to contract a long-term owner and 
operator 
33 Poorly defined contractual 
arrangements 
Poorly defined contractual arrangements 
including risk allocation mechanism, financial 
arrangements, commitment of partners etc. 
34 Conflict between partners Strained relationships with impacts to recycled 
water scheme implementation and operation 
 
Please specify and rate (according to the above rating scale) other risk factors 
which have the potential to impact the long-term viability of residential recycled 
water schemes (leave blank if no additional risk factors Identified) 
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Validation criteria for risk factors – adapted from Morgan et al. (2000) 
Logically consistent 
Exhaustive so that no relevant risks are overlooked 
Mutually exclusive so that risks are not double-counted 
Homogenous so that all risk categories can be evaluated on the same set of attributes 
Administratively compatible 
Compatible with water industry legislative requirements 
Relevant to risk management actions adopted in the water industry 
Large enough in number so that risk management actions can be finely targeted 
Compatible with existing risk assessment and management approaches adopted by the 
water industry 
Equitable 
Equitably identified so that the interests of various stakeholders, including the 
community, are balanced 
Compatible with cognitive constraints and biases 
Chosen with an awareness of inevitable framing biases 
Simple and compatible with people’s existing mental models 
Few enough in number so that risk ranking is tractable 
Free of the “lamp-post” effect, in which better understood risks are categorised more 
finely than less understood risks 
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